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No.  CCXLVn. 


BEMOVATj  op  CLEOPATRA'S  NEEDLE. 

[  F«|0  FUfeM  L  and  IL] 


The  accompanying  JPliUeB  and  Note^  were  tupplkd  by  A.  B.  Sampwn^  E$q.j 
£^.,  Under  Secretcury  to  OovemmeiU  of  India,  P.  W,  Department, 


mow  that  the   removal   of  Cleopatra's  needle  has  been  a  matter  of 

interest,  the  aocompanying  facsimile  copies  of  drawings  fonnd  among  the 

records  of  the  old  Military  Board  may  also  be  interesting.    The  drawing 

of  the  capstan  is  not  quite  clear :  it  probably  works  on  a  piyot  at  the 

bottom,  and  in  the  cross  piece  at  the  top.    The  inyentor,  or  at  all  erenta 

the  man  who  used  the  arrangement  at  Ghazipnr,  was  Captain  Garstin, 

Bengal  Engineers,  in  the  year  1819.    A  somewhat  similar  plan  was 

proposed  for  the  removal  of  Cleopatra's  needle  in  the  Sctentiflc  Americanj 

Joly  Srd,  1875,  entitled  "  A  Monument  at  Sea." 

Extract  from  Scientific  American^  July  Zrd,  1875. 

"  Several  years  ago  the  famous  obelisk,  known  as  Cleopatra's  needle, 
was  donated  by  the  Egyptian  to  the  British  Government,  but  the  latter, 
although  several  plans  have  been  proposed,  has  heretofore  considered  no 
scheme  as  overcoming  the  Engineering  difiBculties  of  removing  the 
monolith  from  its  present  site  near  Alexandria  to  the  shore,  and  thence 
transporting  it  by  sea  to  England.  We  learn  from  the  London  Times 
that  an  attempt  is  now  shortly  to  be  made,  and  the  project  which  has 
been  adopted  is  as  follows : — The  obelisk,  which  is  quadrilateral  in  shape, 
is  first  to  be  changed  into  a  cylinder.  This  will  be  done  by  attaching 
heavy  beams,  strongly  connected  together,  to  each  face,  until  the  desired 
form  is  obtained,  the  work  being  continued  very  carefully,  and  excavations 
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REMOVAL    OF    CLBOPATRa's    NEEDLE. 


being  made,  litUe  by  little,  until  the  entire  shaft,  irom  apex  to  fonndatio 
is  enyeloped.     It  will  not  be  difficult  then  to  roll  the  monument  over 
wooden  road,  laid  over  the  sand  hills  which  cover  the  intervening  mil 
between  its  present  location  and  the  sea. 

"  The  wooden  envelope,  while  increasing  the  mass  will,  at  the  same  tim 
be  such  as  to  diminish  the  specific  gravity  of  the  whole,  so  that  the  grea 
bundle  will  readily  float  To  this  end,  the  diameter  of  the  circle  formed 
by  a  section  of  the  cylinder  will  be  20  feet,  or  12  feet  larger  than  the 
breadth  of  the  sides  of  the  obelisk.  Besides,  in  order  to  render  the  line 
of  flotation  horizontal,  a  diameter  exceeding  20  feet  will  be  necessary  at 
the  heavier  base. 

*'  After  the  monument  is  launched,  it  will  be  towed  out  of  the  Mediter- 
ranean and  into  the  Thames,  to  the  nearest  point  to  its  future  site.  It 
will  then  be  beached  and  rolled  to  its  position,  where  it  will  be  erected 
before  removing  its  coverings. 

**  This  plan,  it  is  believed,  can  be  carried  out  very  easily  and  with  little 
expense,  while  it  will  be  free  from  the  dangers  found  in  transporting  the 
Obelisk  of  Luxor  to  Paris,  as  during  its  voyage  that  monument  scriouslj 
damaged  the  vessel.*' 
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No.  COXLVIIL 


COMPARATIVE  STATEMENT  OF  DIMENSIONS  AND 
COST  OF  STORAGE  WORKS  IN  THE  DECCAN. 


Bt  Waltbr  C.  Huohb8|  Esq.|  C.E.,  dast.  Chief  Engineer  far 
Irrigation,  Bombay, 


Memo,   by  Col.    C.  J.   Mbbriman,   R.E.,   Chie/  Engr.  for  Irrign,-^ 
No.  5320  of  1877. 

Poana,  Isi  Sepimnber,  1877, 

Thb  accompanying  Statement  of  dimensions  and  cost  of  storage  works 
constractedy  under  constmction,  or  proposed^  in  the  Bombay  Deocan, 
is  submitted  for  the  information  of  Government,  with  a  yiew  to  its  being 
drcnlated  for  the  information  of  the  Department. 

The  Statement  is  a  revision  of  that  submitted  in  1871  by  Colonel  Fife,* 
with  this  exception,  that  it  comprises  information  in  respect  of  the  storage 
works  only  and  not  their  canals  or  distribntaries,  regarding  which  a  sepa- 
rate Statement  is  proposed  to  be  prepared.  It  may  be  noted  that  this 
Statement  gives  the  actoal  cost  of  the  completed  works,  and  includes  a 
large  number  of  schemes  investigated  since  the  preparation  of  the  former 
Statement  It  is  also  more  complete  in  giving  details  of  dimensions  of 
the  works. 

The  information  will  be  of  extreme  value  in  considering  the  merits  of 
future  proposals  here  or  elsewhere. 

*  OoTorimicnt  BMoIntioD  No.  47 1.-6M  of  1971. 
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FROPOBXD   MBDICAL   SCHOOL    FOR    LAHORE. 


No.  CCXLIX. 
PROPOSED  MEDICAL  SCHOOL  FOR  LAHORE. 

[  Vide  Plates  HI.,  IV.  and  V.] 


Designed  by  Rai  Bahaduk  Kunhta  Lall^  Asioe,  IfuL  C.H.,  Exec. 
Engineer f  P.  W.  Department,  Punjab. 

Thb  accompanying  Plates  Nos.  IIL,  IV.  und  V.,  show  the  design  for  a 
Medical  School,  proposed  to  be  built  at  Lahore  to  the  sonth  of  the  Mayo 
Hospital,  a  description  of  which  was  given  in  Paper  No.  L.  of  this  Series 
for  October  1872. 

This  design  is  in  exact  keeping  with  the  Mayo  Hospital,  and  the  style 
of  its  architecture  is  <'  /ita2tan,'*  same  as  that  of  the  Hospital.  The 
Hospital  is  a  two-storied  building,  with  five  towers,  one  in  the  middle,  and 
one  at  each  of  the  four  corners,  which  added  greatly  to  its  cost.  The 
School  is  to  have  no  towers,  but  merely  rooms  and  verandah,  which  are 
necessary  and  usefiil. 

The  design  has  been  approved  and  sanctioned  by  the  Punjab  Govern- 
ment, and  is  to  be  carried  out  so  soon  as  funds  are  made  available  for  it. 

The  building  contains  eight  principal  rooms  as  follows: — 

library  and  Office,      ..  ..  ..  ..  54  ft  X  82  ft. 

I^ectore  Room  for  Anatomy,  and  also  for  InBtrnctlonB 

of  Hindiistanf  class, . .  •  •  . .  •  •  42  „  X  84  „ 

Medical  and  Surgical  Lecture  room,        ..  ..  42  „  x  22  „ 

Chemical  Lectare  room,  ••  ••  ••  42  „  X  22  „ 

Anatomical  Mnseom,  ..  ••  ..  43  „  X  20  „ 

Qiemical  and  Materia  Medica  Mnseom,  ••  ..  43  „  X  20  „ 

Laboratory,  ••  ..  ••  ••  42  „  x  20  „ 

Boom  for  Meteorological  InstromentB,     ..  ..  42  „  x  20  „ 

Injecting  and  dissecting  rooms  are  to  be  provided  in  a  separate  build- 
ing, to  be  built  at  a  distance  from  both  the  School  and  the  Hospital. 

The  object  of  constructing  the  building  is  to  provide  suitable  accom- 
modation for  the  Lahore  Medical  School,  which  is  now  held  in  a  private 
bnQding,  rented  for  the  purpose,  which  does  not  afford  the  accommoda- 
tion required. 

The  details  of  the  construction  of  this  building  are  to  be  exactly  the 
same  as  those  of  the  Mayo  Hospital,  described  in  Paper  No.  L.  of  this 
Series,  and  the  accompanying  Abstract  gives  the  different  quantities  of 
work  in  the  building,  together  with  rates  and  probable  cost  of  each  class 
of  work,  as  well  as  of  the  entire  building. 
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Abstract  of  probable  cost  of  Proposed  Netv 
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M-  "1. 

•  * 

•  • 

•  ■ 

•  • 

3 

ft 

tt 

Kankari              •  •        •  •     ,i 
IV.    Bricklayers'  work. 

8/-   » 

•  • 

•  • 

•  ■ 

•  • 

4 

IV 

47 

Concrete  work  in  founda- 

tion,                •  •         •  •  c  f  t.| 

12/.  •/, 

43,641 

5,237 

•  • 

•  • 

5 

91 

1 

Burnt  bricks  in  lime  mor- 

tar in  foondation,       •  •      M 

20/-    , 

86,710-25 

7.342 

•  • 

•  • 

C 

mm 

If 

2 

;;,     ;;  in  pi&th, } « 

26/.   „ 

11,541 

2,885 

•  • 

•  • 

7 

tt 

11 

„          „     insteps,  f  » 

86|-   „ 

5,586 

2,010 

•  • 

•  • 

8 

n 

4 

tt          >»            tt 

„          ,.     in  super-  •  ^ 

80/-   „ 

95,559 

28,668 

•  • 

•  • 

^\ 

««/\ 

structnrei  1st  class,     •  • 

9 

»> 

30 

H                    tt                      tt 

„          ^     m  super-  V  „ 

24/-   „ 

•  • 

•  • 

1,013-88 

243 

structure,  2nd  class,   • . 

10 

•• 

26 

„           „     in  veran- 
dah arched  roof  ^         . .     „ 

## 

30/-    „ 

12,300-5 

3,690 

•  • 

•  • 

11 

ft 

15 

Fine  dressed  cormces,  21' 

^  r 

girth,              •  •        •  •  r.  ft., 

./12  ft. 

878 

658 

•  • 

•  • 

12 

n 

14 

„              ,,18;  girth,     „ 

-/8   „ 

844 

422 

•  • 

•  • 

18 

If 

ff 

„    inner  „  IST    „         „ 

-/8   „ 

1,442 

721 

•  • 

•  • 

14 

n 

6 

Ornamental  work  below 

t                      '^ 

cornices,          •  •        •  • 

40/.  •/, 

4,390 

1,756 

•  • 

•  • 

15 

m 

7 

above  roof „ 

48/-   „ 

4,599 

1,977 

•  • 

•• 

16 

$t 

7 

Ornamental  parapet  of  ve- 

randah roof,     •  •        ••     „ 

46/.    „ 
./4  ft, 

4,390 

1,975 

•  • 

•  • 

17 

M 

18 

String  courses  of  pillars,       „ 

1,096 

274 

•  • 

•  • 

18 

fi 

38to39 

Burnt  bricks  in  mud  mor- 

tar in  foundation,      •  •  c  ft, 

8/-  °/o 

•• 

■  • 

2,236 

179 

19 

•> 

41 

„              „  in  super- 

smcture,         ••        ••     n 

9/-   » 

•  • 

•  • 

5,216-20 

469 

20 

f> 

14 

Outer  cornices,  18'  girth,  r.  ft, 
Carried  over,    .  • 

-/6  ft, 

•  • 

•  • 

•  • 

•  • 

360-50 

•  • 

135 

58,157 

1,035 

P&OPOISED    MBDICAL   BCUOOL   POR    LAHOBI. 


Mtdieal  School  and  Out  buildings  at  Lahore, 


COMfOCSD  WALL 
120)  6ATIWATB. 


CLJLA.III2SO    ▲KD 
LSVXIiIXSfO    8XTK 


APPBOACHn. 


Qauiyty. 


Ctat* 


TOTAL. 


QBantity. 


Ooiu 


TOTAL  OF  BACn 
0LAB8  OP  WORK. 


QuoUty. 


8,90,340 


2,671 


B& 


10,720 
8,040 


•  • 


429 

643 


2^71        . 


1,072 


Remarks. 


C«t. 


B8. 

,05,698 

3,317 

•  • 

10,720 
8,040 

429 
643 

•  • 

•  • 

62,626*5 

7,515 

43,703-25 

8,740 

17,133 

4,283 

5,586 

2,010 

97,653-76 

29,296 

13,163*88 

3,159 

• 

12^0-5 

3,690 

878 

844 

1,442 

658 
422 
721 

4,390 

1,756 

4,599 

1,977 

4,390 
1,096 

1,975 
274 

2,236 

179 

5,216-20 
360-50 

469 
135 

•  • 

•  • 

71,648 

BS. 


3,317 


1,072 


•  • 


•  • 


•  ■ 


67,259 


71,648 


f 

I 


8 


FROrOSED    MEDICAL    SCHOOL    FOR    LAHORE. 


No. 


Schodnle 
number. 


21 
22 
23 

24 


25 
26 
27 

28 


29 


30 

31 
32 

33 

34 

35 

36 

37 
38 

39 


Description  of  work. 


Bate. 


MEDIOAL  SCnOOL. 


Qoantlty. 


Cost. 


0UT-H0U8VS  TO 
MBDIGAL  SCHOOL. 


Qaontitj. 


CoBt. 


V 

1 

It 

12 
44 

w 

27 

VI 

2 

9f 

10 
6 

ft 

»» 

YIII 

15 

X 

14 

n 

II 

n 

II 

it 

14 

n 

6 

n 

4 

It 

4 

t9 

6 
14 

ft 

24 

Brought  forward,    • . 

F.    Flooring  and  Hoofing, 

Tiled  floor,  Ist  class,     ••  s.  ft, 
Terrace  „       „  ••     f» 

„     roof  ooyering,  Ist 
class,  ••        ••     „ 

Mad 


II 


•  •        •  • 
tt 


II 


VI,    Plastering  and  WhitO' 
washing. 


lime  plaster,  •  •        • .  s.  ft, 

Whitewashing,  •  •        •  • 

Lime  mbbing,  • . 

Rustic   facing  of  outer 
walls, 


•  • 


II 
II 

fi 


VIIZ    Slaters*  work. 

Slate  roof  covering,       .«  s.  ft., 

X     Carpenters*  and  Joiners* 
work. 

Woodwork  of  trusses  and 

rafters,  &c,  for   slate 

roof   of    Library    and 

office,  •  •        •  •  c.  ft, 

Woodwork  of  trusses  and 

bur^fdis  for  large  and 

small  Lecture  rooms, . . 
Woodwork  of  beams  for 

flat  rooms,  beams  23  ft. 

long,  •  •        • . 

„  „  21  to 

18  ft  long,      •  • 

„  „         15  ft. 

long,  •  •        .  • 

13  ft 

long,  •  •         •  • 

Woodwork  of  burgahs  and 

wall  plates,  •  •  •  • 
Woodwork  for  gates,  .  • 
Wooden     brackets     for 

beams,  •  •        •  • 

Ceiling  for  Library  and 

office,  •  •        •  •  s.  ft, 


II 

tt 
tt 
tt 

n 

tt 
I* 

tt 


Carried  over,    . 


B& 


10/.   „ 
6/-   » 


2/-    „ 
8/-   „ 


48/-  •/, 


8/-  ft 

8/-  „ 

8/-  « 

2/12  „ 

2/4  „ 

1/8  » 

1/8  „ 

2/8  „ 


•I 

/6  s.  ft. 


t  • 


19,170 


16,492 


•  • 


40,442 
40,442 
58,078 

17,999 


2,376 


58,167 


2,684 


1,649 


824 


817-77 
20312 

40*88 

78 

780-47 

•  • 

597 
1,728 


1,618 

101 

1,162 

540 


1,140 


2,472 


225-50 

•  • 
941 


3,347 
1,235 
4,563-50 


•  • 


793-44    2,380 


2,453 

558 

92 

117 

1,170 


1,791 
648 


78,732 


« • 


•  • 


57-99 
149 


•  • 


1,035 


•  • 


16 


•  • 


56 


134 

3 

91 


•  • 


87 
224 


•  • 


•  • 


1,646 


PROPOSBD    IIXDICAI.    8CB00L  FOB   LAHORK. 


0 


A5X»  GAXBWATI. 


ALL 


J.KTKLUMG  SITB. 


Qsaatitj. 


■  ■ 


•  • 


103-80 


8,713 


2,671 


•  • 


2G0 


•  1 


•  • 


8,97d 


I     2,671 


Total. 


Cort. 


1,072 


072 


Qiuuitit:^. 


Total  of  kacr 

OLAM  or  WORK. 


Quotltj. 


Cott. 


Rcmarkfl. 


19,170 
225-60 

16,492 
941 


43,789 
41,677 
62,641*50 

17,999 


2,876 


824 

793  44 

817-77 

80312 

40-83 

135  99 

929-47 
103  80 

697 

1,728 


71,648 


2,684 
16 

1,649 
66 


1,752* 

104 

1,258 

640 


1,140 


2,472 

2,880 

2,453 

658 

92 

204 

1,394 
260 

1,791 

648 


98,094 


B8b 

71,648 


4,406 


•  ■ 


8,649 


1,140 


•  • 


•  ■ 


80,842 


10 


PROPOBKD   XSDICAL   SCHOOL   FOB    LARORK. 


No. 


Sobedale 
noffiber. 


40 
41 
42 
43 

44 
45 


46 
47 
48 

49 


60 

51 

52 

53 
54 


H 
•I 

If 
» 


XI 

II 

M 
>l 


xn 


» 
11 


DMcriptloa  of  work. 


4 
31 
42 
55 

58 
53 


12 
12 
22 


19 

9 

8 
23 


Bronght  forward,    • 

X,     Carpentert*  and  JoinerM* 
worib.— (Cootinned.) 

Fixed  louvres,     ••        ..  8.ft, 
Doors  and  windows,       •  •     „ 

Battened  doors, , 

Windows,  wooden,  barred, 

with  shatter  inside,    •  •     „ 
tinnshades,  ••         ••    Na 

Pankah  frames,  1st  class. 


II 


XI.    Smithi*  work. 

Iron  for  girders,  fixed,  •  •  s.  ft, 
„   for  tmsses,  •  •         •  •     „ 

Zinc  sheets  of  Tentilator 
for  Library  and  ofiice. 

Ironwork  of  ornamental 
ridging  for  Library  and 
office,  ••        ••  r.  ft., 

Perforated  ridge, 


•I 


•• 


If 


XII.    Painting  and  Olating. 

Spirit  Tarnish  of  doors 
and  windows,  •  •  r.  ft, 

White  painting  of  wood* 
work  of  ToofSf  • .         •  •      „ 

Green  painting  of  towers,     „ 

Glazing  of  doors  and  win- 

QOWS,  •  •  •  •        ,, 


Gbakd  Total, 


Bate. 


MBDICAL  BCnOOL. 


1/4  ft, 

./8 


II 


t 


-IS     „ 

/-each. 
/lO    ft 


20/-  md., 

so).   „ 

-/8    ft 


6/-    „ 
8/-    „ 


4/-  •/. 

4/-    „ 
1/8    n 

-/4  ft, 


Total, 

•• 

Add  5  per  cent  for  Contingen- 
cies,             

•  t 

Total, 

•  • 

Compensation  for  buildings, . . 

•  • 

•  • 


Qaantltj. 


Cost. 


OUT-ROOBBS  TO 
MBDIOAI*  SCHOOL 


Qasntity. 


1,858-86 
3,950 


56 
1,276 


132  0 
200  13| 

537 


54 
50 


5,677-78 

9,078 
3,088-86 

3,326'78 


B8. 

78,732 


1,699 
3,950 


392 
797 


2.640 
4,006 

268 


324 
150 


227 

363 
45 

831 


•  • 


•  • 


94,424 


4,721 


99.145 


•  • 


96 
16 


•  • 


•  • 


•  • 


•  • 


Cod. 


BS. 
1,646 


48 
8 


• 


1,702 


85 


1,787 


•  • 


^ 


W1>IOAL    SCHOOL  FOR   LAHOBK. 


OICM 


I. 


ycale, — U 


FRONT 


1-^ 


'i 


13 


iT 


S. 


OF 


n. 

T| 

4 

0 
0 

0 
6 

0 
6 


1 

to 

LO 
LO 

0 
0 

11 

0 

T 

0 

0 
8 

5 
3 


RI8B    AMD   PALL   OF    RIYBR    QAVQRB,   BTC. 


13 


No.   CCL. 


Abstract  Returns  of  ths  Rise  and  Fall  of  the  River  Oanoeb  at 

BbNARBR  AMD  MiRZAPUR  DURIKO  THE  TEARS  1875  AND  1876. 

N.B. — Zero  of  gauge  at  Benares  is  196*80  above  mean  sea  level,  0.  T.  S. 

datum  at  Mirzapur  210*50. 


1870. 


HlOHSflT  LETBL  ABOTB  ZERO  OV  HlOBUT  LKYBL  ABOVE  EBRO  OP 


OaUOB  in  the  wees  EAblMO 


7ttL 


UtlL 


Silt.        Slit. 


1870. 


Oauoe  im  the  week  ebdxmo 


7th. 


uth.      aist.      Slit. 


Janoarj, 

Febnurj, 

March, 

April, 

May, 

June, 

July, 

Ang;iiBty 

Sq>tember, 

October, 

Kovemb^y 

December, 


1  Benarea,   • 
I  Mirzapur, 

I  Benares, . . 
I  MirEapnr, 

I  Benares,  •  • 
I  Minapnr, 

I  Benares,  •• 
I  Blirsapor,* 

I  Benares,  .. 
)  Mirzapnr, 

1  Benares, . . 
I  Mirzapur, 

1  Benares,  •• 
Minapnr, 

(Benares,  •• 
Minapur, 

(Benares,  •• 
( Minapur, 

1  Benares, . . 
Mizzapur, 

1  Benares,  .. 
Mirsapur, 

f  Benares,  •  • 
Mirzapnr, 


ft  in 

8  \\\ 
3  10 

2  11 
8  1 

3  111 

4  2 

2  0| 
2  5 

0  10 

1  8 

0  7 

1  4 

10  8 

11  2 

44  0 
05  0 

21  10 

22  3 

29  7 
29  8 

10  1 
9  0 

6  1 
5  1 

ft  in. 

3  %k 

4  0 

2  7J 

3  0 

8  11} 

4  5 


ft  in. 

3    6i 
3  10 


1    6 
1  11 


0  6 

1  7 

0  9 

2  0 


19  0 

20  8 


34    0 
37    7 


31  6 

32  10 


19    3 
18    4 


9    0 
8    0 


2  4 

3  11 

3  8 
3  2 

3  7i 

4  1 

2  11 
8  4 

i  0 
2  3 

0  9 

1  10 

0  B 

1  8 


1  1 

2  3 


28    0 
28  11 


35    6 
35    9 


33    0 
33    7 


ft  in. 

3    4 

3    5 


1  0 

2  0 


11    6 
9    8 


38    0 
40    6 


34    6 
84    9 


38    7 
33    9 


14    8   12    C 
14    3   11    8 


7  11 
6    9 


5    6     5    0 

4    5  I  3  10 


7    0 
6    1 


4    6 
8    6 


ft  in. 


0 
0 


0 
0 


1  111 
1    5 


0    9 
0    2 


0    1 
0  11 


0  0 

1  8 


0  8 

1  7 


6    0 
8    7 


30    0 
80    6 


24    7 

26    0 


ft  in. 

0  0 

0  0 

1  8 
1  2 

0  6 

0  0 


0    0 
0    8 


0  0 

0  2 

0  2 

0  7 


20    2 
20    6 


28    3 
80    9 


30  11 
32    3 


14    8    12    0 
14    4    11    6 


5  11 
5    4 


2    4 
4    5 


4  11 
6    2 


1     8 
3  11 


ft 

0 
0 

in. 

0 
0 

1 

0 

5 
10 

0 
0 

5i 
8 

0 

1 

0 
2 

0 

1 

0 
6 

0 
0 

3 
10 

80 
81 

6 
5 

23 
24 

3 
9 

26 
28 

0 
6 

9 
10 

8 
7 

4 
6 

2 

8 

1 
2 

1 
11 

ft  in. 


2 

1 


2i 

9 


0  Hi 
0    4 

0    0 
0    0 

0  0 

1  6 

0  0 

1  6 

2  1 

1  10 

30  10 
33  10 

25    0 
27    0 

21  11 
20    0 

7    4 
9    0 

3  0 

4  8 

0  5 

1  3 


*  Belo^  zero. 
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No.  CCLI. 

USE  OP  WROUOHT-IRON  PIPES  FOR  THE  WATER 

SUPPLY    OF  THE  CITY  OF  SAN  FRANCISCO. 

AND  MINING  TOWNS  IN  CALIFORNIA. 


Bt  J^  Sealdoii«  Esq^,  Extc.  Engineer,  Berar  Irrigation. 


Ownio  to  the  periBhable  natare  of  wronght-iron  sheet  pipes,  and  to 
their  not  resisting  corrosion  when  bnried  in  the  ground  so  well  as  cast- 
iron,  it  has  not  become  a  practice  to  use  them  for  purposes  of  water  sap- 
ply  ;  but,  as  it  may  not  be  generally  known  that  they  haye  been  saocessfnlly 
nsed  for  the  water  sapply  of  San  Francisco  and  some  Mining  Towns  in 
California,  a  few  notes  on  the  subject  may  be  of  interest  to  Engineers. 

The  following  information  regarding  the  water  supply  of  San  Francisco 
and  the  use  of  wrought-iron  pipes,  was  given  to  me  by  Mr.  H.  Bchussler, 
Chief  Engineer,  Spring  Valley  Water  Works,  San  Francisco,  during  my 
risit  to  that  city  last  year,  and  he  showed  me  some  of  the  wrought-iron 
pipes  which  had  been  laid,  and  in  use  for  12  years,  and  which  appeared  in 
perfect  order. 

Present  supply  of  water  from  storage  reservoirs  20  miles  from  San 

Francisco, 

(a).    Pilares  Fos, reserroir  contains  1,050  million  gallons. 

(b).    San  Andres, „  „        6,500      „  „ 

(c).    Crystal  springs  (upper),    „  „        8,000      „  „ 

Proposed  fiitnre  supply. 

((Q.    Crystal  spring  (lower),  reserroir  contains  2,800  million  gallons. 
(«) .    Calareras  reservoir  dis- 
tance 50  miles,      ...        „  „     40,000     „  „ 


16        USE   OF   WRODGHT-IRON   PIPES   FOR   THE   WATER    SUPPLY,    ETC. 


)) 


i> 


Catchment  of  (a)  and  (b),    10  sqaare  miles. 

(c)and(rf),    29      „ 
(e),  140      „ 

with  an  extension  of,     ...      120      „         „ 

Present  sappy  is  12  million  gallons  daily. 

Proposed  for  fatare  supply  (a,  b,  c,  d,  «,  inclasiye),  120  to  130  million 
gallons  daily. 

It  is  proposed  for  the  fatnre  supply  to  construct  a  wronght-iron  pipe 
5  feet  diameter,  22  miles  in  length,  of  -f^'^  iron,  for  600  feet  head  of  water. 

The  following  wronght-iron  pipes  have  been  laid  and  have  been  in  use 
from  12  to  15  years,  and  are  now  as  sound  as  when  they  were  put  down 
and  quite  free  of  rust,  this  result  being  due  to  the  preserrative  coat  of 
asphaltum  and  coal  tar : — 


Locality  of  wroaght-inm  pipes  laid. 


5' 


II 


I 


§ 


I 


San  Andres  to  San  Francisco,... 
Pol  pipe,iflt        •••        ...        ... 

P  :  ocha  pipe,   •«•        •••        ••■ 

Cheroquee  pipe,...        ...        ... 

Virginia  city  pipe,       

Lock's  creek  lode  pipe,... 
Large  Lock's  creek  lode, 


••• 


••• 


!•• 


•  •• 


•  •• 


•  •• 


•  .« 


... 

15 

30" 

•  •• 

18 

scr 

... 

7 

6" 

•  •1 

n 

80' 

••• 

7 

ir 

•  •• 

4 

22 

*■• 

feet 
4700' 

sr 

No.O 

A' 
I' 


■  • 


V 


A" 


I* 

r 


340 
850 
700 
900 
1850 
800 
300 


The  straight  seams  of  the  pipes  are  double,  and  the  round  seams  single, 
rivetted  and  caulked. 

The  pipes  were  constructed  in  26  feet  lengths,  each  length  being  boiled 
for  15  minutes  in  a  bath  of  asphaltum  and  coal  tar  at  about  850^  to  400^, 
Farenheit. 

Pipes  in  ground  15  years  are  perfectly  sound,  inside  and  outside. 

The  cost  of  iron  is  5  cents  per  fb.,  and  for  making,  transport  20  miles, 
laying,  dipping,  &o.,  &c.|  5  cents,  or  10  cents  total  cost.  This  is  about 
two-fifths  to  one-third  cost  of  cast-iron  pipes  of  same  strength  and  dia- 
meter. 


t78E   OF  WBOUOHT-IBOM   PI^KS   VOB  TH8  WATBB  8UPFLT,   BTO.        l7 

The  adrantage  to  be  derived  from  using  wrought  instead  of  cast-iron 
pipes,  is,  on  account  of  cheapness  and  facility  of  carriage,  and  especially 
in  a  country  where  cast-iron  pipes  are  not  readily  obtainable,  either  on 
account  of  the  difficulty  of  transport,  or  where  a  niinimum  first  outlay 
is  necessary,  and  which  has  been  the  case  in  California,  where,  an  extra- 
ordinary high  rate  of  interest  has  to  be  given  for  money.  It  is  also 
known  that  wrought  iron  will  bear  the  pressure  of  a  greater  head  of 
water  than  cast-iron. 

There  may  be  some  cases  where,  either  on  the  score  of  economy  or  for 
other  reasons,  wrought-iron  pipes  may  be  advantageously  used  in  India. 

Bassim,  West  Bbeab,  1 

13th  August,  1877.     J  J.  S. 
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No.  CCLTI. 

NOTE  ON  THE  CONSTRUCTION  OF  A  MASONRY  BAR 
ACROSS  THE  GANGES,  AT  THE  HEADWORKS 

OP  THE  GANGES  CANAL. 

[  Vide  PUtes  L,  n.,  IIL,  IV.  and  V.] 


Bt  Capt.  R.  p.  Tickbll,  R.E.,  £xee.  Unffineer,  Nortiem  Division, 
Ounces  Canal. 


The  Ganges  Canal  takes,  its  supply  from  the  Ganges  near  Bhlmgoda. 
At  this  point  the  riyer  has  fire  channels  t.e.,  the  Dddia,  Nild  jra,  Childwala^ 
and  New  Channel,  and  the  Main  River.  The  head  of  the  Diidia  channel  is 
closed  by  a  permanent  bar  which  is  only  topped  in  high  floods.  The 
New  Channel  is  entirely  closed  by  a  crib  and  bonlder  dam;  and  the  rirer 
is  allowed  to  ran  in  the  Main,  Nildira  and  Childwala  channels  only. 

A  reference  to  Plate  I.  will  show  the  positions  of  the  yarions  weirs 
and  bands.  It  will  be  seen  that  they  form  a  nearly  continnoas  line,  pass- 
ing across  the  bed  of  the  riyer  from  high  land  to  high  land ;  the  D6dia 
and  ChOtfwala  weirs  forming  the  two  flanks.  The  only  break  is  between 
NOdara  and  ChiUwala ;  bat  the  nature  of  that  part  of  the  bed  renders 
any  protectiye  works  annecessary  for  the  present. 

To  supply  the  canal,  bands  are  thrown  across  these  channels,  and  the 
water  is  tamed  into  what  are  known  as  Nos.  1,  2  and  8  supply  chan- 
nels. No.  1  band  turns  the  main  supply  down  No.  1  channel ;  No.  2 
band  tarns  the  leakage  which  passes  through  No.  1  band  down  No.  2 
channel ;  and  No.  8  band  catches  any  water  that  may  pass  through  No.  2 
band,  and  sends  it  down  No.  8  channel.  The  latter  band  and  channel 
are  only  used  in  cases  of  yery  great  demand  for  water.  These  channels 
all  unite  aboye  Hurdwar  and  form  the  Hurdwar  supply  channel,  which 
rans  down  to  Maiapdr,     Here  the  reqaired  amount  of  water  is  passed 
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into  the  Ganges  Canal  through  the  Mai&pdr  regulator,  and  the  surplus  is 
allowed  to  escape  through  the  Mai^ptir  dam.  These  arrangements  are 
shown  in  Plate  I. 

The  hands  across  the  Nild^ra  and  Chil^wala  channels  are  made  of 
houlders.  Those  in  the  main  riyer  are  constructed  of  cribs  filled  with 
boulders. 

All  these  bands  are  carried  away  eyerj  rainy  season,  and  have  to.  be 
re-constructed  during  September  and  October.  At  this  time  of  year  there 
is  a  considerable  discharge  in  the  river,  and  consequently  putting  up  the 
bands  has  always  been  a  work  of  more  or  less  difficulty.  It  was  gene* 
rally  found  too,  that  the  river  had,  while  in  flood,  scoured  deep  holes  at 
one  or  more  places  along  the  proposed  line  of  band  ;  and  these  holes  na- 
turally added  to  the  difficulties  of  construction,  and  sometimes  caused 
delay  in  providing  the  canal  supply. 

Of  late  yearSj  the  increase  in  Canal  irrigation  made  the  demand  for 
water  so  great,  and  so  constant,  that  it  became  necessary  to  facilitate  the 
construction  of  the  bands  by  preventing  the  formation  of  these  deep 
holes,  and  stopping  any  tendency  there  might  be  towards  a  retrogression 
of  levels  in  the  bed  of  the  river. 

To  do  this,  it  was  determined  to  build  a  permanent  bar  across  the  river 
at  the  general  level  of  the  cold  weather  bed.  This  plan  had  been  tried 
with  success  on  the  Nild^ra  channel,  and  has  since  been  carried  out  on 
the  Chil^wala  channel  also.  In  the  two  latter  cases,  the  bar  was  raised 
above  the  bed  of  the  river,  and  it  was  found  that  the  bed  above  the  bar 
assumed  an  even  surface  level  with  the  top  of  the  bar.  At  this  time  the 
deep  channel  and  main  force  of  the  river  were  on  its  left  bank,  and  it 
was  the  unanimous  opinion  of  the  Canal  Engineers  that  the  river  should 
be  kept  as  much  as  possible  on  the  right  bank.  It  was,  therefore,  deter- 
mined to  commence  the  construction  of  the  bar  from  the  left  bank  in 
hopes  of  driving  the  river  towards  the  right.  A  length  of  300  feet  was 
built  in  1864,  and  had  the  expected  result.  This  part  of  the  work  is 
shown  as  "  Weir  Complete"  in  Plate  II.  In  1874,  the  length  of  the 
bar  had  been  increased  to  590  feet ;  after  the  rains  this  length  was  found 
to  be  shingled  up,  and  the  force  of  the  river  passed  beyond  its  right  flank. 
In  1876,  a  further  length  of  290  feet  was  added  making  the  total  length 
of  the  bar,  from  its  left  flank,  880  feet.  It  now  became  evident  that  the 
limit  to  such  extensions  of  the  bar  from  the  left  only  had  been  reached ; 


HOTK  OH    THK    COK8TR0CTION  OF   A   MABOMRY    BAB,   BTO.  21 

for  the  nVer  wts  thrown  with  bo  mnch  force  on  to  the  right  bank,  thtt  the 
iartraeti<m  of  the  island  between  No.  1  and  2  channels  was  threatened, 
and  the  laying  of  the  cribs  for  No.  1  band  was  rendered  veiy  difficult. 
It  WS8  therefore  determined  that,  before  next  rains,  the  bar  most  be 
completed  across  the  Ganges,  and  that  the  nose  of  the  island  between 
Nos.  1  and  2  sapply  channels  mast  be  made  strong^enongh  to  resist  the 
full  force  of  the  riyer. 

It  was  anticipated  that  the  check  placed  on  the  scour  by  the  constmc- 
tion  of  this  bar  might  increase  the  action  of  the  rirer  elsewhere,  espedally 
down  No.  1  sapply  channel.  It  was,  therefore,  determined  to  carry  the 
bar  oyer  the  island  and  across  No.  1  sapply  channel;  and  protect  the 
flanks  of  the  bar  by  wing-walls.  The  general  plan  of  the  work  is  shown 
in  Plate  III.  I  will  here  giro  an  oatline  of  what  has  been  done,  and 
leare  the  description  of  the  details  to  Lieat.  Clibbom,  the  officer  under 
vbose  immediate  superintendence  the  work  has  been  carried  oat. 

It  most  be  remembered  that  all  the  arrangements  for  carrying  out  this 
vork  were  goremed  by  the  necessity  of  keeping  up  the  required  supply 
io  the  Ganges  CanaL 

Work  was  commenced  at  the  end  of  the  existing  portion  of  the  bar, 
(point  a,  in  Plates  HI.  and  IV.,)  and  by  the  arrangements  described  by 
Lieat.  Clibbom,  the  bar  was  carried  completely  across  the  Ganges  and  over 
No.  I  island.  The  down-stream  wing-wall,  and  a  portion  of  the  Redan 
reTetment  were  also  built. 

What  had  to  be  done  now  was  to  close  and  drain  No.  1  supply  channel, 
take  the  sapply  for  the  canal  through  or  oyer  No.  I  band,  and  divert  it 
down  supply  channels  Nos.  2  and  3.  This  was  done  by  lowering  500  feet 
of  No.  I  band,  (see  61,  Plate  IV.,)  and  allowing  the  canal  sapply  to  pass 
orer  it,  and  making  a  strong  crib  and  boulder  dam  across  the  head  of  No.  1 
channel.  When  the  water  had  settled  itself  down  to  this  new  regimen, — 
which  it  did  most  comfortably, — the  left  flank  of  No.  1  band  was  also  low^ 
ered.  Hie  water  passing  over  this  flank  ran  into  the  river,  and  not  into  the 
sapply  channels ;  therefore  this  portion  of  the  work  acted  as  a  waste  weir 
(tee  IX.,  Plate  IV.) 

Hitherto  the  drainage  operations  had  been  attended  by  this  adrantage, 
that  there  was  an  ample  outfall  into  the  deep  channel  of  the  river  below 
the  work.  Bat  now  the  conditions  were  quite  altered  by  the  fact,  that  the 
canal  supply  must  pass  between  the  work  and  this  outfall,  while  deep 
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drainage  down  No.  1  channel  was  impossible,  because,  the  back  water 
from  Nos.  2  and  3  channels  rose  considerably  above  the  foundation  of  the 
work.  Two  steam  engines  and  several  pumps  were  provided  to  get  rid  of 
the  water,  but  it  was  more  than  doubtful  whether  they  could  do  it.  There 
was  no  alternative,  but  to  make  a  tunnel  from  No.  1  supply  channel, 
passing  through  the  island,  under  the  branch  of  the  river  carrying  the 
canal  supply,  nnder  the  band  which  turned  the  supply  down  Nos.  2  and 
8  channels,  and  discharging  into  the  deep  channel  through  an  old  crib 
and  boulder  bar,  known  as  <'  Login's  weir."  With  the  assistance  of  this 
tunnel  the  bar  across  No.  1  supply  channel  was  laid  with  the  exception  of 
a  gap,'  which  it  was  necessary  to  leave  when  the  demand  for  water  in  the 
canal  arose  in  July. 

In  order  to  fill  in  this  gap,  with  a  running  canal,  all  the  difficult, 
expensive,  and  I  may  say  dangerous,  operations  of  last  year  would  have  to 
be  repeated.  The  demand  for  irrigation  is  now  so  constant,  at  nearly  all 
seasons,  that  there  seems  no  probability  of  a  canal  closure  long  enough  to 
allow  the  work  to  be  done  during  it. 

The  fall  in  the  bed  of  river  is  so  much  greater  that  of  the  supply  channel, 
that  I  do  not  fear  any  scour  down  the  latter.  I  have  therefore  proposed 
that  we  should  content  ourselves  with  having  some  concrete  blocks  ready 
to  throw  into  the  gap  if  any  action  sets  in. 

This  year's  floods  were  so  slight  that  the  work  cannot  be  said  to  have 
undergone  the  test  of  an  average  rainy  season ;  but  from  what  was  seen 
this  year,  there  is  every  reason  to  hope  that  it  will  be  quite  successful. 

R.  P.  T. 


Description  of  the  Construction  of  No.  8  Bhmgoda  Weir.    By  Liuet. 

Clibbobn,  B.S.C. 

The  chief  difficulty  met  with  in  the  construction  of  this  work  was  the 
management  of  the  water,  including  the  diversion  or  passing  off  of  floods, 
freeing  foundations  from  water,  and  keepmg  up  the  canal  supply. 

Before  explaining  how  the  difficulties  connected  with  water  were  con- 
tended with,  it  is  necessary  to  describe  the  different  classes  of  bands  used  at 
the  Ganges  Canal  headworks.  No  clay  being  available  within  any  rea- 
sonable distance,  fine  shingle  and  sand  have  to  by  used  to  make  the  bands 
water  tight.  Plain  shingle  bands  are  used  in  situations  where  there  is 
little  or  no  current,  and  no  great  depth  in  the  water;  and  boulder  or  crib 


SOTE   OM    THK    CONSTRUCTION   OF   ▲   MABOMRT   BAB,   BTC.  23 

bands  in  places  where  the  ran  is  moderate  or  very  strong,  and  the  depth 

considerable ;  sketches  of  each  class  of  band  are  given  in  Figs*  1, 2  and  8, 

Pkii  v.,  and  it  will  he  noticed  that  a  mat  of  grass  or  fine  branches  woyen 

together  is  used  to  catch  the  small  shingle  and  preyent  percolation.    This 

nit  Bboold  be  carried  at  least  10  feet  on  the  gronnd  at  the  toe  of  the  band. 

The  leakage  almost  invariahly  comes  out  at  the  point  marked  A,  and 

it  ia  found  that  if  the  mat  he  kept  well  on  the  gronnd  in  front  of  the 

band  the  percolation  is  much  less. 

Fig,  Sy  Plate  Y.^  is  the  cross-section  of  the  band  used  for  Nos.  1  and  2 
sopply  chaimels.     £ach  crib  is  something  orer  10  feet  wide,  (eight  cribs 
make  100  nmning  feet  of  band,)  and  after  having  been  put  together  on  a 
doping  foreshore  of  the  river  is  taken  up  by  a  boat,  fitted  with  shear  legs, 
winch,  and  capstan.    It  is  attached  to  the  shear  legs  of  the  boat  by  a  sus- 
pending rope,  fastened  at  B,  Fig,  3,  Plate  V.    To  balance  the  weight  of  the 
erib,  which  hangs  over  the  stem  of  the  boat,  the  bows  are  loaded  down  with 
a  number  of  large  boulders,  which  are  afterwards  used  to  weight  the  crib 
down  when  in  position.     The  boat  is  conveyed  by  means  of  a  snatch  block, 
working  on  a  cable  stretched  across  the  river,  to  a  point  just  above  the 
posiUon  the  crib  is  to  occupy  in  the  bund.    The  crib  is  then  fastened  by 
ropes  to  the  one  previously  laid,  and  also  in  such  a  manner  to  the  boat, 
that  it  cannot  be  twisted  by  the  current ;  and,  as  it  is  lowered,  is  gradu- 
illy  pulled  into  position,  and  filled  with  boulders  from  a  number  of  small 
boats  fastened  to  the  large  boat,  which  is  kept  in  its  proper  place  by  a 
rope  wound  round  the  capstan,  and  fastened  to  the  snatch  block  which 
runs  along  the  main  cable. 

This  block  can  be  moved  into  any  required  position  by  means  of  small 
capstan  placed  on  each  bank.  As  the  crib  is  sometimes  carried  away 
by  the  stream  before  being  properly  weightedj  arrangements  are  made  to 
aUowof  its  being  instantly  cut  adrift,  if  necessary.  Each  crib  is  only  loaded 
at  first  with  as  many  boulders  as  will  keep  it  firmly  in  its  place.  The 
fining  is  commenced  when  the  whole  line  is  laid  and  is  carried  on,  so  that 
the  depth  of  water  flowing  over  all  parts  of  the  band  shall  be  uniform. 
When  the  filling  of  the  cribs  with  boulders  is  complete,  the  mats  and 
shmgle  are  added. 

In  all  the  diversions  and  drains,  &o.,  some  one  of  three  classes  of  bands 
WIS  used,  nearly  2,500  running  feet  of  crib  band  alone  were  put  in.  On 
commencing  work  at  the  point  a,  in  December  187G,  a  drain  was  dug 
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into  the  chtnnel  YZ,  (aee  Plate  I  V.J  and  a  length  of  aboat  150  feet  of 
the  fonndationfl  of  the  weir  was  enclosed  by  shingle  bands. 

The  drain  redaced  the  depth  of  water  on  the  foundation  le?el  to  abont 
2*5  feet ;  and  the  shingle  baring  been  excavated  ont  to  a  depth  of  1*5  feet^ 
the  sqnare  cribs,  forming  the  framing  of  the  weir,  were  conntersnnk  into 
their  places  the  remaining  foot ;  and,  one  by  one,  filled  with  masonry, 
composed  of  boulders  laid  in  equal  parts  of  stone  lime,  surkhi,  and  coarse 
clean  shingle.  About  60  cubic  feet  of  this  mortar  is  required  for  100  cubic 
feet  of  work.  With  the  exception  of  about  the  first  100  foot  length  built, 
the  upper  foot  of  masonry  was  laid  in  mortar  composed  of  30  cnbic  feet  of 
kankar  lime,  and  80  cubic  feet  of  shingle  to  the  100  cubic  feet  of  masonry* 
The  kankar  lime  was  of  superior  quality  burned  with  coal  and  charcoal  at 
the  Jaoli  Falls,  (50th  mile  of  the  main  canal,)  and  ground  Tery  fine  with 
revolying  pan  mortar  mills  worked  by  a  40  H.-P.  Turbine.  The  lime  was 
boated  up  in  grun  bags,  and  cost  about  Rs.  30  per  100  cubic  feet  delivered 
at  site.  Boulder  masonry  costs  Rs.  2-8  for  labour  per  1 00  cubic  feet,  which 
indudea  the  collection  of  the  shingle  and  boulders.  Thus  the  total  cost  of 
the  masonry  may  be  estimated  at  from  Rs.  12  to  14  per  100  cubic  feet,  in- 
cluding lime.  Kankar  lime,  which  is  eminently  hydraulic,  was  used  for  the 
upper  foot  of  masonry  on  account  of  the  necessity  of  running  water  over 
each  section  of  the  work  as  soon  as  it  was  completed.  The  next  200  feet 
in  length  were  built  in  precisely  the  same  manner,  except  that  the  work  was 
much  delayed  by  constant  floods  in  Febnrary  1877.  The  temporary  bands 
were  several  times  breached,  and  the  original  drain  so  silted  up  that  it  was 
determined  to  utilize  it  as  a  byewash  to  carry  the  surplus  leakage  from 
No.  1  band  into  the  river,  and  to  run  the  temporary  bands  right  up  to  the 
Island  between  Nos.  1  and  2  channels.  The  abnormally  high  state  of  the 
supply  in  the  river  rendered  this  possible,  as  the  leakage  through  No.  1 
band  was  not  required  to  keep  up  the  supply  for  the  canal.  A  reference 
to  Plate  IV.  will  show  the  state  of  the  work  at  this  time.  The  tem- 
porary bands  ran  along  the  line  DOEG.  The  leakage  from  No.  1  band 
passed  through  TG,  and  a  new  drain  W JL,  was  dug  along  the  face  line 
of  foundations.  This  drain  was  15  feet  wide,  and  was  cut  through 
Login's  weir  (OL) ;  but  the  leakage  through  the  band  was  so  heavy, 
owing  to  the  great  head  of  water  on  it,  (from  12  feet  to  15  feet,)  that 
the  drun  only  lowered  the  surface  to  5  feet  above  foundations.  As 
it  was  impossible  to  work  in  this  depth  of  water,  a  second  band  was 
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ffaen  made  along  the  toe  of  DGEO,  forming  a  high  lerel  drain  to  carry  off 
aportioQ  of  the  leakage.  This  drain  was  carried  oyer  the  low  Ie?el  drain 
hj%  wooden  aqaednct,  10  feet  wide  and  20  feet  span  at  J.  A  permanent 
sfl-vood  tonnel  fitted  with  slaices  was  bnilt  under  the  weir  at  8,  not 
only  to  carry  off  drainage  from  np-stream  of  the  weir,  bnt  to  act  as  a  main 
drain  in  case  of  any  fotnre  works  north  of  the  present  weir.  By  the  aid 
of  these  arrangem^its  the  crib  and  mtoonry  work  was  connected  with  tha 
Bedan  Island,  and  the  Lower  River  ?ring-wall,  and  100  feet  of  the  Redan 
rtTetment  biult.  There  was  however  great  delay  and  inconvenience  £rom 
eontinned  rain  and  floods.  After  many  minor  disasterS|  an  extraordinary 
flood  came  down  the  river  on  the  21st  of  March,  passed  almost  completely 
orer  No.  1  supply  band,  and  washing  away  a  great  part  of  the  temporary 
bands-^silted  np  all  the  drains  and  excavations,  and  carried  away  the  aqne- 
doct  and  a  good  deal  of  collected  material.  The  river,  however,  appeared 
to  be  satisfied  after  this,  and  did  not  give  ns  any  great  tronble  afterwards 
imtil  the  regular  snow  water  floods  came  down. 

The  details  of  the  Redan  revetment  are  shown  in  Fig.  5,  Plate  IIL 
The  frames  were  put  together  close  to  the  work,  and  the  poles  nailed  on 
after  the  foundations  were  built  in.  The  revetment  was  made  continuous, 
not  in  seperate  cribs,  as  there  was  bat  little  danger  of  settlement.  The 
main  timbers  are  fastened  with  one-inch  screwed  bolts  and  12-inch  twisted 
nails ;  and  the  poles  with  eight-inch  plain  nails :  twisted  nails  weigh  about 
one  seer  each  and  have  a  very  strong  iiold  in  sAl-wood :  eight-inch  nails 
nm  about  160  to  the  maund.  The  square  boxes  and  revetment  cribs  are 
also  bolted  together  at  A.    (Fig.  5,  Plate  III). 

The  system  of  doable  or  treble  bands  and  drains  at  different  levels,  re« 
ferred  to  above,  appears  to  be  almost  the  only  way  of  lessening  leakage 
where  you  have  to  overcome  a  heavy  head  of  water  with  a  bad  sub-stratum 
to  found  the  band  upon.  The  leakage,  as  pointed  out  before,  does  not 
piss  thnmgh  the  band,  but  under  it.  All  along  this  portion  of  the  work 
there  had  been  heavy  scour,  and  consequently,  a  deep  hole  daring  the  floods, 
md  when  No.  1  band  was  nnder  construction,  the  deep  holes  had  become 
loosely  shingled  np ;  if  the  temporary  band  could  have  been  built  across 
this  under  a  heary  scour,  each  crib  would  have  sunk  down  to  the  solid 
\xxttcm,  and  we  wonid  have  had  comparatively  little  tronble  with  drainage, 
hi  this  was  not  praoticaUei  owing  to  the  necessity  of  keeping  up  the 
oiaal  supply. 
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This  portion  of  the  work  was  completed  and  the  diversion  commenced  on 
the  1st  of  May.  In  the  mean  time  the  arrangements  for  draining  the  fonn- 
dations  of  the  Bedan  reretment  and  the  weir  across  No.  1  snpply  channel 
were  made.  Fortunately  for  our  purpose,  but  unfortunately  for  himself, 
Mr.  Wilson,  the  enterprising  contractor  for  State  Railway  sleepers,  had 
floated  down  the  river  a  large  number  of  10'  x  10^  x  5^  deodar  sleepers, 
and  some  of  these  got  broken  on  the  way.  The  available  four  feet  and 
five  feet  lengths  were  cut  in  two  and  used  to  construct  a  tunnel  (XZ,  Fig. 
1,  Plate  YIII.,  and  Fig,  4,  Plate  X.),  passing  completely  under  the  pro- 
posed diversion  of  the  canal  supply.  Owing  to  the  difficulty  and  expense  of 
excavation  below  spring  level,  the  top  of  the  tunnel  was  15  inches  above  the 
normal  bed  of  the  river  at  the  line  of  crossing ;  so  that  when  covered  with  a 
protecting  layer  of  boulders  it  acted  somewhat  as  a  submerged  weir,  and 
during  floods  the  action  over  it  was  sometimes  very  heavy.  But  it  never 
moved  in  any  way  until  the  Srd  of  July,  when  the  regular  rain  floods  breached 
No.  3  temporary  band,  and  carried  away  some  of  the  tunnel  along  with 
the  crib  immediately  over  it.  The  section  of  the  tunnel  being  5'  X  4', 
and  deodar  wood  very  light,  its  buoyancy  may  be  said  to  equal  1,200 
lbs.  per  foot  run,  requiring  15  cubic  feet  of  boulders  per  foot  run  at  least  to 
give  it  sufficient  stability.  It  was  not  however  possible  to  put  more  than 
three  or  four  cubic  feet  abore  it,  so  the  section  was  made  somewhat  broader 
at  the  base  than  the  top,  and  loaded  cribs,  braced  across,  were  put  on  each 
side  at  30  foot  intervals,  a  continuous  beam  was  also  bolted  along  the  out- 
side one  foot  above  the  bottom,  and  this  was  loaded  down  as  shown  in  Fig. 
4,  Plate  X.,  aa,  being  three  feet  lengths  of  engine  firewood,  laid  one  end 
resting  on  the  beam  and  the  other  on  the  solid  ground.  During  flood  there 
was  a  depth  of  from  eight  feet  to  nine  feet  of  water  passing  over  the  tunnel, 
and  the  fall  over  it  was  very  perceptable.  Its  having  stood  firm  with  so 
small  a  factor  of  safety  shows,  I  think,  that  provided  a  weir  is  protected 
from  scour  above  and  below  a  very  slight  section  will  suffice.  During  the 
progress  of  the  work  in  No.  1  channel,  the  interior  was  daily  inspected  by 
a  helddr  passing  completely  under  the  river,  and  the  leakage  through  the 
joints  was  found  to  be  very  slight ;  the  caulking  with  the  pounded  root  of 
the  dh6k  tree  (nassa  dh&)  being  efficient.  The  total  cost,  including 
laying,  dbc.,  was  Bs.  4  per  foot  run,  or  nearly  2,800  Bs.  altogether. 

The  diversion  of  the  Canal  supply  was  commenced  early  in  May.     Nos. 
2  and  3  channels  having  been  previously  excavated  to  a  width  of  200 
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feet  and  100  feet,  respectiyelj,  and  the  band  lYGLKO,  Plate  lY.,  bnilt, 
with  the  exception  of  the  parts  shown  in  bhading  through  which  drainage 
passed.  The  bands  MN  and  £0,  &c.,  were  cleared  away,  drains,  &c.,  filled 
with  boulders,  all  the  vacant  spaces  in  10  were  closed  np,  and  FSE  and 
GB  bnilt,  the  laying  of  the  cribs  for  AB,  the  canal  band,  was  commenced. 
This  part  of  the  work,  and  indeed  the  whole  process  of  the  diyersion,  was 
mnch  inconvenienced  by  constant  floods.  The  canal  supply,  estimated  at 
7,000  cubic  feet  per  second,  was  taken  over  No.  1  band  at  BI,  in  a  length 
of  500  feet  portions  at  B  and  I,  being  left  to  act  as  spurs.  It  was  not 
possible  to  take  out  the  entire  band,  nor  in  any  way  advisable ;  because,  the 
channel  below  being  deep,  but  unavoidably  narrow  at  MO,  it  could  not  carry 
more  than  10,000  cubic  feet  comfortably,  (it  eventually  carried  nearly 
14,000  cubic  feet,  but  there  was  great  danger  all  the  time.)  Provision 
was  therefore  made  to  divert  surplus  flood  water  across  the  left  flank  (IX) 
acting  as  a  waste  weir.  Towards  the  dose  of  the  work,  the  river  had  risen 
so  much  that  the  whole  of  No.  1  band,  to  the  left  of  B,  was  cut  away. 
The  water  also  passed  over  the  Island  lY,  the  band  lY  having  been  re- 
moved. It  will  be  understood  that  the  band  from  Y  to  0  was  in  very 
heavy  embankment,  and  any  breach  in  it  would  have  passed  the  whole 
canal  supply  down  the  river,  the  entrance  to  Nos.  2  and  3  channels  being 
at  a  higher  level  than  the  river  bed. 

On  the  4th  of  May,  the  lowering  of  No.  1  band  was  commenced  by  dig- 
ging a  hole  in  the  shingle  in  front  of  No.  1  band  at  each  balla^  and  cutting 
ofT  the  front  members  of  the  cribs,  three  feet  below  water  surface,  the 
holes  were  then  refilled,  and  the  outside  loger  or  ballaa  cut  off  at  lower 
water  surface.  This  enabled  us  to  remove  all  the  woodwork  without  dis- 
turbing the  boulder  filling,  which  was  done  on  the  6th  May,  leaving  the 
band  in  the  state  shown  in  Fig.  5,  Plate  Y.  The  mats  and  shingle  which 
were  so  cemented  by  silt,  &c.,  obtained  from  the  water  percolating  through 
them,  that  they  stood  in  the  position  shown,  were  cutaway  the  same  day, 
and  the  band  at  AB  completed  by  the  12th  May. 

The  remainder  of  the  work  was  carried  out  in  a  similar  manner  to  that 
before  described.  The  main  leakage  was  taken  down  No.  1  channel, 
other  leakage  in  a  lower  level  channel  connected  with  the  tunnel,  and  the 
foundations  then  pumped  out. 

Two  eight-inch  centrifugal  pumps  and  a  12-feet  diameter  scoopwheel, 
worked  by  two  12  H-P.  engines,  were  used.    The  centrifugal  pumps  were 
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worked  together  by  means  of  a  counter  shaft,  and  the  lift  being  low  did 
fairly  satisfactory  work ;  bat  pulling  engines  about  over  boulders  does  not 
improTe  them.  The  scoopwheel  is  a  very  good  form  of  pump  for  a  low 
lift,  the  draw  into  it  is  so  great  that  boulders  are  apt  sometimes  to  injure 
the  fans  but  that  can  be  obviated  by  passing  the  water  through  a  screen. 
It  discharged  11  cubic  feet  (measured)  per  second  with  a  six  foot  lift. 

The  greatest  trouble  was  met  with  at  the  nose  of  the  Redan.  It  was 
with  the  greatest  difficulty  the  cribs  were  got  in  ;  and  it  being  found  im- 
possible to  get  them  down  the  full  depth,  they  were  left  one  foot  higher 
than  the  rest  of  the  work.  The  crib  work  at  this  point  is  rather  compli- 
cated, ending  in  a  log  of  s&l  wood  40'  long  X  1'  square,  the  lower 
end  of  which  is  finnly  braced  to  five  voussoir  shaped  cribs  in  the  form  of 
an  arch,  which  are  completely  filled  with  kankar  lime  masonry.  Ab  the 
floods  were  daily  expected  down  when  this  part  of  the  work  was  nearly 
completed,  50  feet  of  the  masonry  revetment  was  planked  over  and 
strengthened  with  strips  of  iron  screwed  on. 

The  light  poles  or  "  tors "  shown  outside  the  masonry  of  the  Revet- 
ment, (a,  a,  Fig.  5,  Plate  VIII.,)  are  merely  to  protect  the  work  whilst 
green,  and  they  will  be  removed  and  the  masonry  plastered  when 
thoroughly  hard. 
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Ahstract  of  Estimate  for  Completing  No.  8  Retaining  Weir,  Bhimgoda, 
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No.  CCLIV. 

NOTE  ON  NEW  RESERVOIBS  FOR  NEW  YORK. 

[Wbitteh  in  1869]. 


Bt  Major  J.  M.  Hbtwood,  R.E.|  Etee.  Engineer,  Bengal  Irrigation 
Department. 


Rssbryoir  at  Botd's  Corker. 

This  reseryoir,  now  tuider  constraetioD,  is  intended  to  store  np  a  snpple- 
mentary  sapply  of  water  for  the  town  of  New  York.  It  is  sitaated  at 
Boyd^s  Comer,  23'75  miles  aboye  the  Croton  Lake  in  a  wild,  bleak, 
hilly  conntry,  which  is  exposed  to  a  rainfall  similar  to  that  experienced 
m  New  York.  This  amoanted  in  1867  to  50*07  inches,  that  in  New  York 
baring  been  50*88  inches.  A  carious  phenomenon  is  here  obseryed,  which 
has  often  been  noticed  in  other  localities,  viz.,  the  extreme  partiality  of 
run  to  certain  spots,  thus  at  Sing-Sing,  7^  miles  below  the  Croton  Lake, 
the  rainfall  in  1867  amoanted  to  88-02  inches,  and  in  1868  to  98*42 
inches,  whilst  at  Tarringtown,  sitaated  6  miles  to  the  south,  the  quantities 
ganged  were  respectively  45-73  and  55*19  inches,  and  in  the  hills  at 
Boyd^s  Comer,  50-07  and  50-33  inches. 

The  dam  is  to  be  75  feet  at  its  highest  point,  measured  from  the  lowest 
depth  of  the  foundation,  this  will  suffice  to  pond  back  the  water  a  distance 
of  7,500  feet,  and  flood  an  area  of  803  acres.  The  quantity  thus  stored 
is  calculated  to  be  equal  to  431,290,000  cubic  feet.  The  drainage  area 
is  20*37  square  miles. 

The  foundations  of  the  dam  are  laid  on  the  solid  rock,  all  loose,  soft,  or 
broken  rock  baring  been  carefully  removed.  Nearly  the  whole  of  the 
foundations  are  of  concrete,  the  exception  being  a  length  of  about  225 
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feet  nnder  the  onter  face  wall  on  the  north-eaeterly  end,  where  cnt  Btone 
masonry  has  been  substituted. 

The  superstructure  is  now  (1869)  under  construction,  it  consists  of 
two  outside  walls  of  cut  stone  left  rough  on  the  faces,  and  filled  in  with 
concrete  and  large  stones.  The  concrete  is  formed  of  the  gneiss  and 
granite  rock  found  in  the  vicinity,  broken  so  that  the  maximum  dimension 
shall  not  exceed  two  inches,  and  the  minimum  one-fourth  of  an  inch, 
mixed  with  mortar  previoasly  prepared.  The  mortar  is  made  from  Bo- 
sendale  cement  mixed  with  sand,  in  the  proportion  of  1  part  of  cement 
(packed)  to  2  of  sand  (loose),  this  makes  2-4  parts  of  mortar,  the  shrink- 
age being  one-fifth ;  4*8  parts  of  loose  stone  are  added,  which  reduces  to  2-5 
parts,  if  the  interstices  are  deducted,  so  that  a  cubic  yard  of  concrete  re- 
quires 

5'5  cable  feet  of  Rosendale  cement. 
11*0      „      „     „  loose  sand. 
26-4      .,      „     ,y  broken  stone. 

Total,    ...    42  9  cubic  feet 

The  stone  weighs  167  Ib&  per  cable  foot  (solid). 
„    cement  71    „     „      „       „    (packed), 

„    sand  83    „     „      „        „    (loose). 

The  large  stones  in  the  interior  of  the  dam  are  on  an  average  five  feet 
long  and  two  square  feet  in  section.  They  are  laid  in  layers,  alternately 
parallel,  and  at  right  angles  to  the  outer  walls  of  the  dam.  Each  stone  is 
well  bedded  in  and  covered  with  mortar,  and  then  packed  up  with  cement. 

The  facing  stones  are  never  less  than  three  feet  bj  two-and-a-half  feet 
by  one  foot,  and  are  dressed  for  at  least  a  foot  of  their  length,  so  that  the 
joints  in  that  distance  shall  not^exceod  three-fourths  of  an  inch.  Head- 
ers, two  feet  by  four  feet  by  one  foot,  and  upwards,  are  inserted  at 
every  three  feet  in  height,  and  every  six  feet  measured  on  the  line  of  the 
dam. 

At  the  north-east  extremity,  two  canals  or  outlet  culverts,  four  feet  three 
inches  in  diameter,  are  made  through  the  mass  of  the  masonry  at  a  depth 
below  the  crest  of  57  feet :  they  empty  into  the  river  below. 

The  machinery  for  regulating  the  flow  will  be  worked  in  a  small 
gate-house,  sixteen  feet  by  nine-and-  a-half  feet,  built  immediately  above 
the  outlet  on  the  down-stream  side.  The  walls  of  the  gate- house  are  to 
be  of  stone,  lined  inside  with  brick  masonry ;  the  latter  material  is  also  to 
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be  employed  in  the  roof,  which  will  be  one  foot  thick,  filled  in  it  the 
Bpftndriila  with  concrete,  and  covered  with  blae  stone  flag^ng  three  inches 
thick. 

In  phkn  the  dam  is  right  lined,  the  carved  form,  nearly  always  adopt- 
ed  in  similar  work  in  Enrope,  not  having  been  considered  necessary. 

In  profile  the  inner  face  is  carried  np  vertical,  and  the  enter  with  a 
batter  of  2^  to  1.  The  crown  is  9*8  feet  broad.  The  waste  weir 
will  probably  be  cut  in  the  hill  side  on  one  of  the  fianks,  bat  its  exact 
position  has  not  yet  been  definitely  fixed.  The  following  profiles  show 
at  a  glance  the  difference  between  the  American  and  French  types  of  sach 
work. 

la.  Where  the  latter  is  intended  for  broad  gorges  (limit  pressure 
85*3  fibs,  per  square  inch). 

area  of  American  type, 


^8  +  26-24  ^  55  _  ^^.^  g^„^  £^ 

Sectional  area  of  French  type, 

16-4  +  21-35  ^  ^.^^  743^ 

?lii+ili^X  1564  ==488^ 

Total  =1282*82    sq.  ft. 


2^.    Where  the  French  type  is  intended  for  narrow  gorges,  the  limit 
preasare  remaining  the  same  as  before. 


Sectional  area  of  American  tjrpe  =  991*1  square  feet. 
Sectiooalarea  of  French  type, 

16-4  +  21*85 


M  ^'^     #^^ 


2 
21-35  +  32-67 


X  89-36  =  748-92 


X  15*64  =5  422*48 


^^ 


Total  s  1166*85    sq.ft. 
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3rd.    Where  the  French  type  is  intended  for  both  kinds  of   gorges, 
but  the  limit  pressure  is  increased  to  199  lbs.  per  square  inch. 


American  type  =  991  square  feet 


Sectional  area  of  French  type, 
16-4  +  2001 


2001  +  26-71 


X  89-36  =  716-56 


X  15-64  =  365*35 


Total  =  1081-9      sq.  ft 


High  Service  Reservoir  <U  Carmansville, 

The  High  Sendee  Reservoir  is  another  of  the  works  rendered  necessary 
by  the  rapid  increase  in  the  town  of  New  York,  it  is  so  designed  as  to 
allow  of  the  water  being  forced  up  by  gravitation  to  the  higher  points 
of  the  suburbs. 

The  banks  are  being  constructed  of  earth  with  a  puddle  wall  in  the 
middle.  The  inner  and  outer  slopes  of  the  banks  are  all  of  1|  base  to 
1  perpendicular.  The  inner  or  water  slopes  are  covered  with  a  stone 
pavement  one-and-a>half  feet  thick,  the  outer  slopes  are  covered  with  soil 
one  foot  thick.  The  banks,  when  finished,  are  to  be  nine  feet  six  inches  at 
the  top,  and  are  to  rise  two  feet  above  the  water  line.  The  puddle-  bank 
will  extend  from  the  rock  to  within  two  feet  of  the  top  of  the  bank.  It 
is  to  be  four  feet  wide  at  top  in  the  bank,  and  10  feet  wide  at  a  plane 
18  feet  below  the  top  of  the  reservoir  bank,  so  that  the  sides  above  that 
height  approach  each  other  with  slopes  of  2^  inches  base  to  1  foot  vertical 
on  each  side. 

The  specifications  lay  down  that  the  earth  to  be  used  both  in  the  puddle 
trenches  and  embankments  must  be  free  of  all  stones  more  than  two  inches 
in  any  dimensions.  The  embankments  are  to  be  formed  in  layers  of  not 
more  than  six  inches,  well  packed,  by  carting,  rolling  or  ramming :  they 
are  not  to  bo  carried  up  more  than  two  feet  in  advance  of  the  puddle. 
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The  paying  of  the  interior  slopes,  18  inches  in  thickness,  is  to  consist  of 
a  single  coarse  of  stones,  set  on  edge,  at  right  angles  with  the  slope  and 
laid  in  cement  mortar.  The  concretes  is  to  be  formed  of  clean  broken  stone 
which  will  pass  through  a  1^  inch  ring,  mixed  with  cement  mortar.  This 
mortar  is  to  be  composed  of  2  parts  of  sand  to  1  of  cement.  The 
cement  is  that  known  as  Rosendale  or  Newark.  The  proportions  of  the 
mortar  and  stone  in  the  concretes  depend  on  the  capacity  of  the  stone  to 
receiye  the  mortar,  and  are  determined  by  the  Engineer  accordingly. 

The  interior  wall  is  made  perpendicular  for  two  feet  in  height  at  the 
top  and  two  feet  thick :  it  is  to  be  capped  with  a  granite  coping  one  foot 
by  three  feet. 

The  bottom  of  the  reservoir  is  to  be  coTcred  six  inches  deep  with  good 
dean  gravel. 

There  are  to  be  two  gate-houses,  one  27  feet  2  inches  X  27  feet ;  the 
other  27  feet  X  35  feet  8  inches. 

The  water  is  to  be  pumped  up  from  the  aqueducts  below  by  a  powerful 
steam  engine,  of  the  kind  known  as  Worthington*s  Duplex  Pumping 
Engine. 

This  engine  is  very  extensively  used  in  the  United  States,  and  is  stated 
to  give  very  good  results,  and  to  be  economical  in  the  consumption  of 
fuel ;  it  also  requires  less  attention  from  skillful  enginemen  than  any 
other  kind  now  in  use.  It  is  strictly  a  steam  pump,  consisting  of  two 
steam  cylinders  and  two  water  cylinders  laid  hori^ntally  in  pairs,  the 
piston  rod  of  each  steam  cylinder  extending  to  its  water  cylinder,  and 
working  a  water  displacement  plunger.  The  connecting  rod  of  the  right 
hand  engine  works  the  steam  valves  and  air  pump  of  the  left  hand  engine, 
and  viceverad*  A  pair  of  engines  similar  to  those  recently  constructed 
at  Charlestown,  Balem  and  Newark  is  capable  of  elevating  5,000,000  gal* 
Ions  of  water  per  24  hours. 

J.  M.  H. 
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No.  CCLV. 


BRUSHWOOD  MATTRESSES  FOR  RIVER-TKAINING 
WORKS. 


Bt  Caff.  R.  F.  Tickell,  R.E.,  Exee.  Engimeer,  Northern  Dtvinon, 
Qangei  CanaL 


BiVBHWoos  luUreBBeB,  nmHar  to  those  bo  extemivelj'  nged  is  Hotland, 
l)«Te  been  found  very  Bnccessful  rs  spore  for  training  ths  bill  torrents 
croBBing  the  upper  psrt  of  the  Oanges  Canal. 

Hie  branches  obtained  bj  tiimming  tiie  trees,  chieflj  shlsbam,  on  the 
Canal  banks,  hare  been  nsed  for  making  the  mattresses ;  bat  (he  beat 
material  wonld  be  Molberry,  Willow  or  Hfl&  (Vitez  trifolia).  As  rirer 
training  works,  once  began,  geneiall;  go  on  for  seTcral  years,  there  wonld 
seldom  be  mnch  difficnltj  in  arranging  for  a  eapplf  of  bniBhwood. 

Tbe  mattress  consists  of  bmahwood  contained  between  two  lajerB  of 
faaonea,  and  is  constmcted  as  follows:— 

Plan  of  Ut  laytr.     Plan  of  2nd  layer.      Crou  Section  of  Mattreet. 


Bruihwood. 

Laj  a  row  of  fascines  of  the  required  width,  each  fascine  being  of  the 
fnll  length  of  the  spnr.     Then  drire  bamblis  or  stakes  into  each  fascine 
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at  intervals  of  2  feet,  and  to  each  stake  tie  the  end  of  a  rope,  the  other 
end  of  which  is  attached  to  the  fascine.  On  the  bed  of  fascines  thus 
formed  lay  brushwood  3  to  5  feet  thick,  and  on  it  lay  another  row  of 
fascines  similar  to  the  former  one,  but  at  right  angles  to  it.  In  this  case 
each  fascine  will  be  of  the  fall  toidth  of  the  spur. 

Now  poll  up  the  bambiis  that  were  driven  into  the  lower  layer,  and 
they  will  bring  up  with  them  the  end  of  the  rope  attached  to  thenu 
£ind  this  end  round  the  fascines  of  the  upper  layer.  The  other  end  of 
the  rope  being  attached  to  the  lower  layer,  the  whole  will  be  thoroughly 
bound  together,  and  the  brushwood  will  be  well  compressed  between  the 
two  layers  of  fascines.  Of  course  the  fascines  forming  each  layer  are 
firmly  bound  to  each  other. 

In  Holland  these  mattresses  are  used  as  foundations  for  piers,  break- 
waters, &c.,  and  are  laid  as  follows  :^ 

The  edges  of  the  mattresses  are  attached  to  boats  filled  vrith  stones, 
and  the  mattress  is  floated  over  the  place  where  it  is  required  to  be  sunk. 
The  crews  of  all  the  boats  commence  to  throw  the  stones  from  their  boats' 
on  to  the  mattress,  and  continue  until  the  mattress  nearly  becomes  so 
heavy,  that  the  boats  can  support  it  no  longer.  Then,  at  a  given  signal 
all  the  ropes  attaching  the  mattress  to  the  boats  are  cut  at  once,  and  the 
loaded  mattress  sinks  into  its  place.  More  stones  are  then  thrown  into 
it,  until  the  required  foundation  is  obtained.  The  mattress  must  be  con- 
siderably wider  than  the  base  of  the  foundation.  One  of  the  great  advan- 
tages of  the  mattress  is  its  flexibility,  which  enables  it  to  adapt  itself  to 


B  g 


:z; 


inequalities  of  the  bed  on  which  it  is  laid,  and  also  to  assume  a  position 
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faroarable  to  checking  scoar ;  thns  if  there  were  a  sooar  along  the  toe  A 
the  mattress  AB  would  assume  the  position  AaB',  and  form  a  good  pro- 
tection against  it. 

It  may  seem  that  brushwood  is  a  perishable  material  to  form  the 
foundation  of  permanent  works  ;  but  it  is  assumed  that,  as  the  brushwood 
rots,  its  place  is  take  by  sand,  drift,  &c.  As  a  matter  of  fact  settlement 
does  not  take  place.  The  facility  with  which  mattresses  assume  a  position 
to  check  scour  make  them  very  suitable  for  laying  in  places  where  a  river 
has  made  a  dead  set  on  to  its  bank.  For  such  work,  and  training  hill 
rirers,  the  matresses  will  generally  be  laid  dry.  It  is  not  always  possible 
to  obtain  heavy  material  for  loading  the  mattresses  at  a  reasonable  cost. 
Band  bags  filled  with  earth  and  firmly  bound  to  each  other  will  answer 
the  pnrpose  very  well.  In  one  case  a  flood  came  down  on  a  mattress 
which  was  not  only  unloaded,  but  unprovided  with  the  upper  layer  of 
fascines ;  the  mattress  stood,  threw  up  a  heavy  silt  deposit,  and  diverted 
the  flood.  This  has  led  to  a  number  of  spurs  being  made  of  unloaded 
mattresses,  which  have  stood  well :  but  it  would  be  premature  to  assume 
that  unloaded  mattresses  can,  as  a  rule,  be  depended  upon. 

When  first  using  mattresses,  there  is  a  temptation  to  try  and  assist 
them  by  piling  along  their  edges,  driving  stakes  through  them,  &c. 
Ibis  must  be  resisted,  as  it  deprives  them  of  their  great  source  of  strength, 
t.  tf.,  their  flexibility.  With  brushwood  brought  from  a  mean  distance  of 
2^  miles,  the  mattresses  have  been  made  for  Rs.  6  to  Rs.  8  per  1,000  cubio 
feety  including  everything.  It  is  by  no  means  certain,  as  yet,  that  this  is 
the  proper  rate. 

R.  P.  T. 
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No.  CCLVI. 


NOTE  ON  INCLINED  GAUGES  FOR  MEASURING  THE 
HEIGHT  OP  WATER  IN  RIVERS  AND  CANALS. 

LFiitf  Plate  L] 


Bt  E.  a.  Farsick^  Esq.^  C.E.^  F.G.S.,  Aisl.  Engineer. 


Lr  India,  where  riTers  abound  subject  to  heavy  periodical  inandationSi  it 
IB  often  of  the  greatest  importance,  in  connection  with  canal,  embankment, 
and  other  schemes,  to  ascertain  the  maximum  and  minimum  heights  of 
floods,  and  also  their  oscillations  between  these  limits,  at  obligatory  points, 
whose  loci,  though  depending  chiefly  on  the  nature  of  the  project,  should 
also  be  selected  as  far  as  possible. 

l8t.  Where  the  bank  is  firm,  is  not  under  erosive  action,  and  has  a 
uniform  minimum  slope. 

2nd.  Where  sandbanks,  islands,  eddies,  and  other  causes  likely  to 
disturb  the  normal  conditions  of  flow  do  not  exist. 

Zrd.    Where  sufficiently  low  readings  can  be  taken. 

Each  site  selected  should  also  be  suitable  for  measuring  the  quantity 
of  water  passing  through  the  river-section  opposite  the  gauge,  as  it  is  of 
the  utmost  importance  to  record  the  slightest  variations  in  hydraulic 
height,  while  discharges  are  being  taken. 

Sites  conforming  to  all  the  above  requirements  will  seldom  be  found,  as 
owing  to  the  generally  tortuous  course  of  most  Indian  rivers,  few,  if  any, 
sufficiently  long  reaches,  meeting  the  most  favourable  conditions  of  either 
gauge-readings  or  discharges,  exist ;  and  the  most  therefore  that  can  be 
expected  is  a  selection  of  points,  at  which  causes  likely  to  affect  inju- 
riously the  observations  proposed  are  reduced  to  a  minimum. 
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Such  sites,  within  admissible  distances  of  the  obligatory  ones  will  always 
be  found  along  a  length  (ab),  see  Fig.  1,  Plate  I.,  between  adjacent 
river  bends,  above  which  the  acceleration  caused  by  the  npper  bend  (A) 
has  ceased,  and  below  which  the  afflux  and  consequent  retardation  re- 
sulting from  the  lower  bend  (6)  commences. 

It  is  evident  that  a  gauge  placed  as  indicated,  t.^.,  between  the  points 
ahf  will  record  river  heights,  and  will  not  be  so  liable  to  accidents  as  one 
situated  in  either  the  length  a  A  or  bB,  and  that  the  nearer  the  gauge  is  to 
the  lower  bend  B,  within  the  length  ab,  the  better  will  all  requirement  be 
met  is  also  evident,  for  thus  a  maximum  length  of  base  line  cd  will  be 
secured,  and  the  ^*  run  "  for  timing  velocities,  will  also  be  located  within  the 
limit,  where  disturbing  causes  are  at  a  minimum. 

It  may  here  be  casually  noticed,  that  though  50  feet  was  the  standard 
run  adopted  for  the  most  critical  of  the  Mississippi  experiments,  and  that 
though  the  same  length  was  found  most  suitable  for  the  more  recent 
experiments  at  Iloorkee,  yet  that  in  all  cases,  where  time  is  not  recorded 
by  other  than  ordinary  pocket  watches,  the  safest  run  will  probably  be  100 
feet  in  connection  with  the  fact  that  the  chances  of  error  in  deducing 
velocities,  and  the  chances  of  floats  diverging  from  parallelism  to  the  axis 
of  the  stream  are  inversely  as  the  length  of  run. 

As  regards  the  relative  merits  of  vertical,  and  inclined,  gauges,  it 
may  safely  be  stated  that  the  former  are  best  suited  for  measuring  the 
height  of  cross-country  inundations ;  while  the  latter,  for  the  following 
reasons,  will  be  found  more  useful  and  economical  along  river  and  canal 
slopes: — 

IsL  The  dimensions  of  each  decimal  graduation  permit  of  approxi- 
mate readings  to  hundreths,  and  this  combined  with  the  size  of  the  figures, 
and  the  fact  that  the  observer  can  walk  down  to  the  point  to  be  recorded, 
reduces  the  chances  of  error  in  reading  to  a  minimum  :  thus,  in  the  ex- 
ample given  farther  on,  the  area  of  each  tenth  of  a  foot  is  0*254  X  0*250. 

2nd,  They  are  constructed  more  readily,  easily,  economically,  and  with- 
out the  aid  of  special  apparatus.  Vertical  gauges  in  swift  rivers,  when 
even  in  short  lengths .  along  shelving  banks,  cannot  be  lelied  on  unless 
driven  home  with  pile  niachinery,  which  becomes  an  absolute  necessity, 
where  the  banks  are  high  and  scarped. 

3rd,  Owing  to  the  greater  number  of  points  of  attachment  they  are 
stronger,  stiffer,  and  not  so  liable  to  accidents  from  scour.    They  are  also 
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leu  open  to  injarj  from  contact  with  boats  or  floating  logs,  trees,  <&c.,  and 
from  boats  being  tied  to  them.    All  these  are  constant  sources  of  annoy- 
ance in  connection  with  vertical  gauges,  which  are  often  carried  awaj  bodil j 
from  the  caases  named. 

The  aite  for  a  gauge  having  been  fixed  in  reference  to  the  precautions 
jiut  noted,  and  the  reqaired  materials  having  been  delivered,  the  following 
procednre  sboald  be  adopted. 

Worked  scantlings,  11^'  x  5'  X  3*. 
Boogh  posts,  about  7  feet  long  and  12  inches  diameter. 
Iron  circnlar  screw-bolts,  f-inch  diameter  and  11  inches  long,  ex- 
clnsiYe  of  head  with  3  inches  length  of  thread. 
\8L     Excavate  holes,  (Fig.  2,)  down  tlie  shortest  length  of  inclination 
four  feet  in  depth,  and  just  sufficient  in  area  to  receive  the  posts  provided  at 
central  intervals  of  10  feet  measured  along  or  parallel  to  the  intended 
slope  of  gauge,  which  should  be  as  nearly  as  possible  parallel  to  that  of 
the  bank. 

2iuf.  Secure  the  beds  of  these  holes  with  well-rammed  I  rickbats  or 
with  bricks  laid  flat,  and  then  jump  the  posts  into  them  with  their  thicker 
ends  downwards,  and  fix  them  in  position  hj  closing  up  any  vacant  space 
round  them  with  debris,  or  earth  tightly  packed  by  ramming. 

3rd,  Work  the  exposed  portion  of  each  post  laterally,  till  it  has  a 
breadth  of  nine  inches,  and  then  cut  through  it  a  3-inch  grove,  (Fig.  3,) 
to  the  depth  required  for  the  proper  insertion  of  the  gauge-pieces 
5  inches  x  3  inches  in  section,  which  when  in  position,  should  be  rigidly 
connected  with  the  posts  by  iron  screw-bolts  |-inch  diameter,  have  their 
greater  dimension  of  five  inches  vertical,  and  be  as  close  as  possible  to  the 
bank  down  which  they  run. 

4th.  The  upper  surfaces  of  gauge-pieces  should  be  in  the  same 
plane,  (Fig.  4,)  and  this  very  desirable  condition  should  not  be  sacri- 
ficed for  minor  inequalities  in  the  bank-slope ;  but  when  this  consists 
of  lengths  inclined  at  widely  different  angles,  (Fig,  5,)  it  may  be  neces- 
sary to  break  the  continuity  of  the  gauge,  but  even  in  this  case  the  posts 
should  be  ID  feet  apart,  such  distances  being  always  measured  along  the 
gauge-pieces. 

bth.  It  will  generally  be  possible  during  the  dry  season  to  &x  the  bot- 
tom post,  80  as  to  permit  of  the  lowest  readings  required  being  taken, 
but  in  cases,  where  this  cannot  be  effected,  the  lowest  gauge-piece  can  be 
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supported  by  the  last  post,  {Figs.  6  and  7,)  and  then  projected  into  the 
Trater  beyond  it.  If  this  method  is  adopted,  the  lowest  posts  should  be 
fixed  only  fire  feet  apart,  and  eyen  then  it  is  open  to  the  objection  of  ex- 
posing a  weak  point  to  passing  boats. 

^th.  After  the  gauge-pieces  haye  been  fixed  in  position,  it  will  be 
necessary  to  cut  off  the  heads,  {Fig,  8,)  of  the  posts,  which  would  other- 
wise interfere  with  the  process  of  graduation  described  farther  on. 

lih.  The  jointing  of  gauge-pieces  inclined  at  the  same  angle  through- 
out may  best  be  effected  by  dove-tailed  halvings,  {Fig,  9,)  but  the  joints 
of  pieces  inclined  at  different  angles,  will  require  to  be  more  supple,  and 
may  consist  of  a  halving,  {Fig,  10,)  or  an  insertion,  {Fig.  11,)  with  a 
sufficient  interval  between  the  ends  of  adjacent  pieces  to  allow  of  their 
revolving  round  the  bolt  till  adjusted  and  permanently  fixed. 

The  gauge  having  been  constructed  as  described,  the  next  process  is  its 
graduation  into  feet  and  decimals,  the  greatest  care  and  accuracy  being 
necessary  in  each  of  the  following  operations : — 

l6t.  Find  the  length  {!)  along  the  gauge  corresponding  to  each  vertical 
foot  of  rise.  To  do  this,  first  measure  from  the  lower  end  with  a  levelling 
staff,  the  total  length  (L)  {see  Fig,  12)  of  the  gauge  in  feet  and  decimals; 
next  ascertain  with  levelling  instruments,  the  perpendicular  distance  (H) 
between  the  ends  of  the  gauge  in  feet  and  decimals. 

Then  that  2  =  -g-  is  clear,  for  by  Euc.  Book  VL,  Prop.  11., 

AB  :  BD  :  AC  :  CE,  or  H  :  BD  :  L  :  /, 

Lx  BD 


or, /== 


H 


ButBD  =  l, .%  Z  =  -2. 

As  the  utmost  accuracy  is  necessary,  the  measured  length  (L)  of  the 
gauge  may  with  advantage  be  compared  with  this  length  found  mathema- 
tically. 

The  angle,  which  the  gauge  makes  with  the  horizon 

=  sin-»  j^  =  (say)  e, 

and  the  length  of  the  gauge  L  =  H  cosec  0. 

As  everything  is  based  on  the  height  H,  this  should  be  very  carefully 
ascertained  by  taking  the  mean  of  several  observations. 
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EzampU.^^'U  the  TBitical  diBttnoo  (H)  between  the  ends  of  a  gange  is 
11-81  feet,  and  the  length  (L)  of  the  gauge  is  80-00  feet, 

Z  =  |g?  =  2-54  feet; 

L  =  11-81  X  cosec  28**  11'  =  29-9976. 

L  as  actasl  measniedy  is  in  this  case  ^^  th  of  a  foot  shorter  than  it 
should  be,  an  error,  howerer,  too  small  to  affect  future  obserrations  in- 
juriously I  30*00  feet,  the  measured  yalue  of  L,  may  therefore  be  accepted 
as  correct. 

2nd,  The  length  of  one-gauge-foot  haying  been  found,  step  it  off  along 
the  gauge  from  the  lower  or  zero  end ;  next  divide  each  such  foot  decimally 
{Fig.  13) ;  then  mark  each  graduation  by  a  shallow  saw-cut  on  the  face  of 
the  gauge,  the  feet  and  half-feet  graduations  being  farther  indicated  by  saw- 
euts  along  its  dovon-Btream  side ;  and  finally  paint  the  decimal  graduations 
on  the  face  alternately  black  and  white  between  the  saw-cuts,  and  the  dovm^ 
9tream  side  white  with  black  bands  at  every  half-foot,  and  black  bands  and 
figures  at  every  foot-graduation. 

High  scarped  banks  present  the  most  unsuitable  sites  for  inclined,  and 
in  fact  for  all  descriptions  of,  gauges,  but  this  difficulty  may  be  overcome 
by  constructing  each  gauge  along  the  bank  ramped  off  to  a  slope  of 
1  tol. 

It  will  always  be  advisable  to  refer  the  zeros  of  gauges  to  one  datum 
and  to  establish  dose  to  each  gauge  a  permanent  bench-mark  also  refer- 
red to  it :  the  best  datum  is  that  of  the  Qreat  Trigonometrical  Survey, 
viz.,  mean  sea  level  6*25  feet  above  the  sill  of  ELidderpur  Dock. 

A  permanent  record  of  the  details  of  each  gauge,  should  always  be  at 
hand  for  ready  reference— >vtde  Appendices  Nos.  I  and  II. 
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No.  CCLVII. 


BRICKMAEING  IN  BURMAH. 


By  O.  G.  Smaet,  E8q.j  AsmL  Engineer, 


Thb  method  of  making  bricks  in  Barmah  is  so  entirely  foreign  to  the 

eystem  employed  anywhere  else,  that  I  think  a  few  remarks  on  it  will 

not  be  oat  of  place. 

As  a  rale,  in  Barmah,  when  bricks  are  required,  the  Engineer  has  to 

make  his  own  arrangements  eren  down  to  mere  details  before  he  can  get 
anything  done.    There  are  few  Contractors  in  Burmah  of  any  positioni 
and  the  few  that  there  are,  do  not  care  to  go  in  for  brick  contracts,  as  it 
does  not  pay  them  so  well  as  other  work ;  and  besides,  is  very  risky. 
Well,  to  start  with.     An  Engineer  has  to  make  bricks  for  some  work  he 
has  to  construct,  and  the  chances  are  very  great  that  the  work  is  away 
from  any  spot  where  work  has  been  done  before.     At  first,  the  only  way 
to  get  men  sharp,  is  to  make  the  acquaintance  of  some  of  the  headmen  of 
the  Tillage,  not  the  Oovernment  headmen,  corresponding  to  the  Indian 
Kotwal,  but  the  wealthy  men ;  as  the  men  corresponding  to  Kotwals, 
called  KidangyeeSy  are  always  called  by  the  villagers  the  fools  of  the  vil- 
lage, (the  only  benefit  that  the  Kidangyee  really  enjoys  is  exemption  from 
the  capitation  tax  of  Bs.  5  per  annum.)    If  there  are  no  wealthy  men  near 
at  hand,  the  next  thing  to  be  done  is  to  make  friends  with  the  villagers. 
The  way  this  is  done  is  not  by  making  presents,  <&c.,  but  one  must  make 
up  ones  mind  to  pass  many  monotonous  steady  hours  before  this  can  be  ao- 
oomplisbed.     The  way  to  make  friends  with  the  villagers  is  the  following— 
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if  yoa  know  Burmese  well  and  good,  it  will  be  so  mncli  the  less  tiresome 
for  you,  if  not  you  must  have  resource  to  your  interpreter,  and  failing 
this,  to  signs  and  a  great  deal  of  patience.  Haying  had  an  early  dinner, 
just  before  it  gets  dark,  you  must  find  your  way  to  the  village,  and  go  to 
the  most  respectable  looking  house,  or  where  you  see  a  number  of  loobyos, 
or  bachelors  assembled.  Forthwith  you  are  offered  a  seat,  cigars  are 
brought  out,  and  you  are  surrounded  by  the  Tillage  folk.  At  first  the  con- 
yersation  is  brisk  and  then  it  begins  to  flag.  The  men  go  on  sucking 
their  cigars  (made  of  tobacco  chopped  up  with  chopped  sticks  and  both 
rolled  up  in  a  dry  leaf,  much  resembling  the  leaf  of  the  pipal  tree),  and 
you  follow  suit :  if  you  can  speak,  then  is  the  time  to  commence  chaffing 
any  of  the  fair  damsels  that  are  round  about,  as  the  £urmans  are  very 
fond  of  chaff,  and  yet  an  individual  dreads  being  chaffed.  An  Engineer 
who  passed  out  of  Roorkee  sometime  back,  went  to  Arracan,  where  no 
labour  of  any  kind  had  eyer  been  obtained,  and  haying  first 'coaxed  the 
women  to  work,  then  chaffed  the  men  into  working  by  comparing  the  two* 
Haying  smoked  unlimited  cigars  for  a  few  eyenings  with  the  Burmans, 
you  must  then  commence  trying  to  get  them  to  work.  Whatever  yon 
promise,  you  must  be  very  careful  of  what  you  aay,  because  the  Burman 
will  expect  you  to  keep  your  promise  to  the  letter,  and  cast  it  up  in  your 
teeth  if  you  do  not,  whilst  he  has  not  the  slightest  compunction  in  breaking 
any  amount  of  promises  he  has  made.  To  get  the  men  to  work,  you  must 
make  friends  with  them,  treat  them  as  equals,  as  the  Burman  thinks  all 
men  are  equal,  and  in  fact  make  the  men  fond  of  you.  Having  obtained 
the  men  to  work,  you  must  work  i  la  Burman,  or  all  previous  trouble  will 
be  useless.  Ton  must  supply  the  paddy  husk,  spades,  dabs,  wheel-barrows, 
firewood,  &c.  The  Burman  will  only  give  the  labour  pur  et  simple.  The 
process  of  Burman  brickmaking  is  very  simple,  and  I  shall  divide  it  into 
steps. 

I.  As  soon  as  the  bricks  are  to  be  made,  the  Burman  clears  a  space  of 
ground,  perhaps  jungle,  perhaps  paddy  land,  on  which  he  can  make  per- 
haps 8,000  bricks.  He  levels  this  nicely  and  prepares  his  own  ground. 
This  is  the  dastur,  or  in  Burmese,  the  ihonga  of  the  country* 

II.  Haying  prepared  his  ground,  the  Burman  as  a  rule  comes  and 
asks  for  an  advance  for  the  first  10,000  bricks,  and  if  you  don't  give  it, 
he  will  go  away,  unless  you  have  plenty  of  other  labour  at  hand.  After 
this,  if  the  Burman  stops,  he  will  commence  digging  a  hole  with  his 
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mammati  or  phdara^  (whicb  yon  must  supply,  and  in  fact  yon  mnat  snpply 

every  tool  or  article  mentioned.)     Having  dng  or  rather  tamed  np  enough 

earth  for  1,000  bricks,  he  poors  water  over  the  earth  and  tempers  it  by 

treading.     This  pmrt  of  the  work  the  Barman  likes  as  he  then  can  in- 

dolge  in  mad  larking^,  and  they  pepper  each  other  pretty  freely.    Har- 

ing  tempered  the  earth,  (and  they  do  this  well  J  paddy  husk  is  then  mixed 

with  the  wei  earth  in  the  proportion  of  abont  three  baskets  of  paddy,  (a 

basket  =:  1*25  c.  ft.)  to  1,000  bricks  of  12''  x  6'  x  2"^,  a  small  quantity 

being  left  to  sprinkle  over  the  top  and  for  the  wheel-barrows.     Having 

thoroDghly  amalg^aniated  the  paddy  hask  with  the  earth  by  dancing  abont 

and  treading  it  with  their  feet,  the  surface  is  nicely  smoothed  off,  sprinkled 

with  paddy  hnsk,  and  allowed  to  sweat  in  the  sun  all  day.     This  part  of 

the  work  is  commenced  about  i  a.]i.,  and  is  finished  by  7  a.m.,  when  the 

son  begins  to  get  hot,  after  which  the  Barman  (who  as  a  rule  is  a  sturdy 

powerfol  man),  will  not  work,  as  he  says — he  is  very  dt^licate. 

IlL  The  earth  having  been  allowed  to  remain  in  the  sun  all  day, 
about  5  P.M.  the  Burmans  commence  carrying  it  in  small  wheel- barrows, 
{Fig,  1,)  having  solid  woodea  wheels,  to  the  man  who  moulds.     Before  it 

Fig.  1. 


is  put  in  the  wheel-barrow,  the  bottom  of  the  barrow  is  sprinkled  with 
paddy  hnak,  and  the  earth  carried  off.  The  moulder,  who  has  a  bowl  of 
water  near  him,  wets  the  inside  of  the  mould  on  the  side  furthest  Jrom 
him  €md  an  the  left  side.  As  a  rule  the  men  take  np  the  exact  quantity 
of  earth  required  for  each  brick,  mould  the  brick  and  strike  it  off  with 
the  palm  of  their  hand^  and  then  go  on  to  the  next.  A  man  moulds  1,000 
bricks  a  day  with  ease.  A  gang  of  four  men  can  mould,  if  they  work 
well,  1)500  brickB  a  day. 
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IV.    The  bricks  when  half  dry  are  put  on  end,  and  when  quite  dry, 
Fig,  2.  their  rongh  sides  are  cut  with  a  two-handed  dab 

or  knife,  (Fig.  2,)'  and  the  bricks  made  toler- 
ably square. 

v.    The  bricks  are  then  stacked  for  count- 
ing in  lines  of  100  each  and  10  high,  and 
generally  in  clumps  of  10,000^    Up  to  this 
point  there  is  a  breakage  of  10  per  cent. 

In  many  places  the  brick  maker  considers  this  as  a  completion  of  his 
work  and  will  not  make  the  kiln  or  bum  it,  for  which  other  arrangements 
have  to  be  made. 

VI.  When  the  Burman  makes  his  kiln,  he  invariably  makes  it  with 
very  small  flues,  so  that  there  will  be  no  trouble  in  arching  it.  The 
Burman  likes  to  put  all  his  bricks  on  end  and  close  together^  so  close  that 
one  can  not  put  a  straw  between.  When  the  kiln  has  been  run  up  10 
bricks  high  above  the  flues,  it  is  considered  as  finished.  Occasionally  in 
the  middle  of  the  kiln,  bricks  are  left  out  and  a  log  of  wood  inserted,  and 
if  paddy  husk  is  plentiful,  layers  of  this  stuff  are  laid  very  frequently* 
After  the  kiln  is  made,  a  jacket  of  bricks  laid  flat  is  made  round  it,  and 
the  whole  plastered  over  with  mud. 

VII.  The  burning  is  generally  also  considered  a  separate  item  from 
making  the  kilo.  If  a  Burman  is  allowed  to  do  as  he  likes,  he  commences 
burning  about  6  p.m.,  and  by  12  midnight  of  the  day  following  he  banks 
his  flues.  For  the  first  six  hours  the  burning  is  slow  and  then  very 
rapid.  The  firewood,  which  must  all  be  collected  during  the  rains  pre- 
vious, is  generally  sold  by  the  fathom,  or  a  heap  of  firewood  6'  X  6'  x  6'. 
The  price  varies  from  Rs.  8-8  a  fathom  to  Rs.  8-8.  The  Burman  con- 
siders three  to  four  days  cooling  quite  enough,  and  begins  unloading  them. 
I  got  very  good  bricks  made  by  Bnrmans,  but  insisted  on  having  larger 
flues,  covering  the  kiln  with  a  foot  of  earth  after  being  burnt,  and  as  I 
was  in  a  hurry  for  bricks,  opening  the  kiln  10  days  after  it  had  been 
closed.  The  amount  of  firewood  depends  on  the  quantity  that  can  be 
afforded.  Where  I  made  bricks  at  the  Pegu  Lock,  firewood  was  Rs.  8-8 
a  fathom,  and  only  one  fathom  for  2,000  bricks  could  be  allowed.  The 
Burman  kiln  averages  80,000  bricks.  Stripping  the  kiln  is  also  a  sepa- 
rate item,  and  carting  is  very  dear.  I  had  to  cart  bricks  not  more  than 
1,000  feet,  and  had  to  pay  Rs.  2  per  1,000. 
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The  following  is  hoir  my  rates  were  made  up :— - 

BS.   ▲.  p. 

lit  Year.  PM*  10,000. 

Mooldiiig,  cnttiDg  and  stacking  law  bricks,        •  •        •  •  45    0    0 

Making  into  kilns  of  80,000,          ]0    o    0 

Bnmmg,        ••          •  800 

Stripping 10    0 

Tiiewood,       ••         ••         •        ..  43    80 

Piddyknak, 5    0    0 

Tools  and  plant,        ..         • 800 

Ul     8    0 
Allowing  for  breakage,  oeoliet  running  awsj  with  ad- 
T«DCCB,&C.,  ••  28 .  8     0 

140    0    0 
Outing,         20    0    0 


160    0    0 


Total  cost  per  1,000,  Bs.  16. 

In  mj  second  year  of  brickmaking,  I  had  made  better  friends  with  the 

Bormans,  and  had  also  got  my  firewood  chesper,  and  had  got  the  men  to 

work  differently,  and  the  following  were  my  rates  :— 

BS.  A.  p. 

Per  10,000. 

Moolding,  cutting,  stacking  and  making  into  kilns,       .  •        65  0  0 

Burning,        ^ •          2  0  0 

Firewood,      ..         ••         ••    * 85  0  0 

Paddy  hnak 2  8  0 

Tools  and  plant,       8  0  0 

107    8    0 
Allowing  for  breakage,  (no  adrances),     • 12    8    0 

120    0    0 
Oarting  and  strippingi         20    0    0 

140    0    0 

Total  cost  per  1,000,  Bs.  14. 
The  bricks  I  made  were  12^  x  6""  X  6^ 

In  fiangooD,  bricks  10""  X  5""  X  2^'  cost  Bs.  11  per  1,000  at  th€ 
Wiehfidd. 
Hie  sketches  will  show  the  different  implements  used  foreign  to  India. 

O.  O.  8. 
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NOTE  ON  THB  CONSTRUCTION  OP  THB  LABGE 
MASONRY  BAM  AT  KHABAKWASLA,  NEAR 

POONA. 


As  a  reooTd  of  practical  results  on  a  large  scale  the  following  may  be  of 
interest  to  the  readers  of  the  "  Professional  Papers  "  :— 

In  the  constraction  of  the  large  Masonry  Dam  at  Kharakwasla,  near 
Poena,  in  1869-72,  considerable  anxiety  was  eaused  to  the  Officers  in 
charge  of  the  work  by  serioas  discrepancies  between  the  returns  of  raw 
material  received  and  of  mortar  nsed,  which  it  was  considered  was  larger 
than  could  be  accounted  for  by  diminution  in  bulk  in  progress  of  incorpo- 
ration in  the  grinding  mills  and  by  wastage.  The  following  Table  giyes 
the  results  of  careful  experiments  instituted  with  a  view  to  ascertaining 
the  extent  to  which  the  dry  materials  of  mortar  diminish  in  the  process  of 
grinding. 

The  general  result  is  that  the  amount  of  diminution  is  18*92  per  cent., 
L  e,j  100  measures  of  dry  material  are  reduced  to  86*08  in  the  process 
of  incorporation. 

It  will  be  obserred  also  from  the  Table  that  the  mortar,  if  left  on  the 
ground  for  a  short  time  before  being  used^  increases  in  bulk.  If  remoYed 
to  the  works  immediately  after  grinding  a  slight  diminution  in  the  quan- 
tity, due  doubtless  to  wastage  in  carrying,  is  the  result. 

These  experiments  cleared  up  the  discrepancies  aboye  alluded  to  as  it 
appeared  that  the  dififerenoe  on  the  whole  work  was  slightly  less  even 
than  was  accoanted  for  by  the  diminution  in  grinding. 
The  figares  are  as  follows : — 

1 
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cnbic  feet 
MasonTy  work  done  up  to  3l8t  March,  1877,    •  •        t.    59^89,313 
Dry  materials  of  mortar  med,  as  per  Lime  Overieer's 

retams, 29,03,136 

_        \         ..         *    .1   .  1.        290318600  ._._ 

Percentage  of  dry  matenals  m  work  =  '  kqqqqiq   ■  =         48'47 

0*7090  lO 

Now,  by  the  experiments,  100  cable  feet  of  dry  materials  became  86*08 
in  mortar,  hence  29,03,136  cnbic  feet  dry  materials  will  gire  2499019-26 
cubic  feet  mortar. 

Actual  percentage  of  mortar  after  correction  for  dimi- 

...        ...  249901926  .,  _ 

nntion  m  grmdmg  = -ggg^^jg-     ..        ..        =  41-72 

The  mortar  was  not  measured  by  the  Orerseer  on  the  Dam  previons 

to  January,  1870,  but  taking  his  quantities  from  that  month  up  to  81st 

March,  1872,  2^  years, 
We  haye— 

Work  done,  47,31,547 

Mortar  used,         •        ..        ••    20,03,730 

«         i.         *     -^     .    .1.         1.  200373000  .^«. 

Percentage  of  mortar  m  the  work  =      .^     .  —  =  42*34 

The  masonry  used  was  nncoursed  nibble,  the  stone  being  trap,  and  the 

lime  that  obtained  from  the  Dcccan  kankar. 

C.  J.  M. 
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THE  RACK-RAIIj  SYSTEM  APPLIED  TO  A  TRUNK  LINE 

OVEK  THE  St.  QOTTHARD. 


Bt  Major  J,  Li.  Xi.  MoftAirr,  R.E.,  DUtrict  Engineer,  NeUgherriee, 


Bom  yesia  sgo  a  Gompany  began  to  make  a  line  over  the  Bt.  Qotthard 
mih  a  capital  of  seTen-half  millions  ponnds.   It  was  to  pass  oyer  the  Alpine 
Pass  of  8t.  Qotthardy  from  Lake  Lnoeme  on  the  Swiss,  to  Lake  Gomo 
on  the  Italian  aido.  The  following  towns  were  to  be  connected  by  the  line  ;— 
Immcnser,  Bcbwyss,  Altorf,  Biasoa,  Lngano,  Chiasso,  and  Como.    The 
line  waa  to  be  208  miles  long,  over  a  very  difiBcalt  mountainous  country. 
In  December,  1876,  the  Company  found  that,  haying  expended  just  four 
millionB  pounds,  the  work  was  not  one-half  completed.    It  was  ascertained 
that  the  original  estimate  would  be  nearly  doubled,  the  excess  oyer  it 
being  estimated  at  6^  millions  pounds.    The  enterprise  then  came  to  a 
standstill  and  threatened  to  collapse.    At  this  juncture,  Herr  Thommen, 
Chief  Engineer  of  the  railway  oyer  the  Brenner,  published  in  Vienna  a 
pamphlet,  in  which  he  recommended  the  adoption  of  the  Rack*rail  System 
at  a  saying  of  fiye  millions  pounds.    In  doing  so,  he  stated  he  had  no  per- 
sonal nor  money  interest  in  the  matter,  and  had  long  refrained  from  giying 
the  public  his  yiews  until  he  felt  sure  of  his  ground.    He  had  often  ex- 
amined the  lines  of  the  Rack-rail  System  and  had  obseryed  them  at  work. 
The  results  they  gaye  moyed  him  to  speak.    His  adyocacy  was  successful. 
The  Swiss  and  Italian  authorities  conjointly,  after  giying  Mons.  Rig- 
genbach's  new  locomotiye  a  seyere  trial,  haye  just  decided  to  adopt  the 
Rack-rail  System  in  completing  the  trunk  line  oyer  the  St.  Gk>tthard.* 

9  This  to  on  Um  Minority  of  »  Swim  ii«WH>*|Mr. 
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Herr  Thommen  writes  in  a  calm  and  dispassionate  spirit.  His  official 
position  and  the  saccess  of  his  support  gives  his  obseryations  great  weight. 
They  merit  the  attention  of  Indian  Engineers. 

The  abortive  St.  Gotthard  line  was  to  have  had  gradients  of  1  in  40 
and  1  in  37,  and  to  have  been  worked  by  locomotives  trusting  entirely, 
in  the  ordinary  way,  to  adhesion.  When  its  monetary  crash  came,  Herr 
Wettli,  Locomotive  Superintendent  of  the  Zurich  Canton,  proposed  to 
lessen  the  cost  of  completion  by  introducing  grades  of  1  in  25  and  1  in 
22|,  worked  by  adhesion  locomotives.  Such  gradients  exist  elsewhere : 
how  do  they  answer  ?  In  France,  between  Enghien  and  Montmorency, 
there  is  a  short  incline  120i)  yards  long  of  1  in  22 1 ;  it  is  approached 
by  long  stretches  of  easy  gradients :  its  inconveniences  are  not  insup- 
portable. The  Wetliberg  line  in  Switzerland  has  actually  a  gradient  of  1 
in  14f ,  worked  by  adhesion  locomotives.  It  is  a  very  short  line,  con- 
structed by  Mons.  Tobler  of  Ziirich.  Up  it  a  locomotive  and  tender 
weighing  24  tons  draw  double  their  own  weight :  no  complaints  against 
it  are  heard.  These  are  short  lines  which  can  hardly  help  us  in  the 
discussion  of  a  line  208  miles  long. 

We  will  turn  to  others  which  will  better  serve  our  purpose.  In  Pied- 
mont in  Italy,  the  Giovi  Incline  crosses  the  Apennines  between  Alessan- 
dria and  Genoa;  its  grades  are  1  in  28f.  In  the  Caucasus,  the  line  be- 
tween Poti  and  Tiflis,  has  gradients  of  one  in  22^.  Each  locomotive  of 
Mons.  Gottschalk  draws  on  trial  trips,  over  the  Steigungen  between  Pon- 
tedecimo  and  Busella  for  a  length  of  6|  miles,  ISO  tons  up  inclines  vary- 
ing from  1  in  85^  to  1  in  28^.  The  steepness  of  all  these  grades 
has  been  found  very  inconvenient,  and  has  given  rise  to  bitter  complaints. 
At  length  the  authorities  in  all  three  cases — the  Italians,  the  Bnssians 
and  the  Swiss,  quite  independently  of  each  other— resolved  to  reconstruct 
these  lines  at  a  large  outlay,  and  to  bring  their  grades  down  to  a  maxi- 
mum of  1  in  40.    Projects  to  effect  itna  are  in  preparation. 

Nor  is  the  evil  confined  to  these  steeper  grades.  The  engines  of  the 
Semmering  and  Brenner  Passes  in  Austria,  weighing  52  and  50  tons 
when  designed,  were  each  calculated  to  draw  trains  on  64  axles  of  230  and 
200  tons  weight,  respectively.  All  the  working  and  other  expenses  were 
estimated  on  this  assumption.  But  practice  proved  that  a  single  loco- 
motive could  not  systematically  drag  trains  on  64  axles  weighing  more 
than  181  and  147^  tons.     This  was  solely  due  to  the  long  gradients  of 
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1  in  44^  and  1  in  40  which  extend  for. 22^  and  81|  miles,  for  some 
diBttaoe  the  gradient  being  only  1  in  66|.  Herr  Thommen  (and  the 
greatest  possible  reliance  can  obrionsl j  be  placed  on  his  statement  from 
the  official  position  he  holds)  states,  tbat  the  locomotiye  service  alone  on 
tie  Brenner  Pass,  with  a  oontinnons  gradient  of  1  in  40  for  a  length 
of  82  miles,  has  been  fonnd  to  be  50  per  cent,  more  than  on  more  lerel 
lines;  and  that  on  gradients  of  1  in  25  these  expenses  are  donbled. 
Thus  long  steep  inclines  worked  by  adhesion  locomotires,  are  ererywhere 
wboUy  miprodactiTe,  their  working  expenses  exceeding  their  receipts,  the 
defidts  being  made  np  by  the  profits  guned  by  the  more  level  lines  be- 
hmgiDg  to  the  same  Ck>mpanies  which  hold  the  moontain  lines. 

Item  these  spedfic  cases  Herr  Thommen  enters  npon  a  few  general 
prKtical  considerations.  It  has  been  asserted  that  safety  can  be  insured 
on  steep  gradients  by  rednced  speed ;  but  in  practice  this  cannot  be  relied 
opon.  The  engine  drivers  are  often  indnced  to  increase  speed  beyond 
safe  Inmts,  to  make  np  for  lost  time  or  for  some  other  reason.  Again : 
in  the  case  of  two  locomotives  to  one  train.  Supposing  a  doable  train, 
weigldng  800  tons,  to  be  drawn  by  two  locomotives  each  weighing  50 
tons  on  any  ateep  gradient,  one  locomotive  will  be  in  front  and  the  other 
m  rear  of  the  tndn.  Theoretically  the  front  engine  will  be  always  pnll- 
ing  exactly  its  half  load  of  150  tons,  and  the  rear  locomotive  pushing 
exactly  its  half  load  of  the  same  weight.  But  in  practice  it  is  impossible 
ilways  to  insure  the  two  locomotives  thus  working  together.  For  ex- 
smple : — When  on  an  up  gradient  the  firont  locomotive  enters  a  tunnel, 
it  immediately  loses  one-sixth  of  its  ordinary  adhesion,  and  the  wheds 
b^gin  to  slide,  thus  throwing  a  very  much  greater  weight  than  ordinary 
on  the  rear  or  pushing  locomotive :  this  extra  weight  crushes  the  whole 
train,  and  is  apt  to  lift  up  off  the  rails  the  lighter  trucks  composing  it. 
Or,  if  they  reverse  be  the  case,  and  the  wheels  of  the  pushing  locomotive 
lose  adhesion,  that  locomotive  falls  back  and  a  very  much  greater  weight 
than  ordinary  is  suddenly  thrown  on  the  couplings. 

Herr  Thommen  now  turns  to  the  consideration  of  the  Rack-rail  System 
of  traversing  steep  inclines,  and  makes  some  very  important  observations. 
Tins  system  has  the  advantage  over  others,  like  Agudio's,  Wettli's,  &o., 
of  considerable  experience.  It  has  been  put  to  a  practical  teat,  and  is  now 
satisfactorily  at  work,  in  many  parts  of  the  continent.  It  has  passed  out 
of  the  region  of  theory  into  that  of  practical  use.     Very  steep  mountain 
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lines  on  this  principles  have  been  economically  constrncted,  and  worked 
with  as  mnch  safety  as  lines  over  a  flat  country.  In  all  the  eight  places 
where  it  has  been  adopted,  it  has  proved  itself  as  solid,  secare,  regolar  in 
working  and  as  easy  to  manage  as  adhesion  lines  oyer  flat  conntries,  and 
to  require  less  to  be  expended  on  its  repairs.  It  does  not  require  special 
carriages  or  wagons,  and  no  accident  has  as  yet  occurred  on  any  of  its 
lines.  It  combines  security  with  economy.  The  Back-rail  System  was  at 
first  somewhat  limited  in  its  application ;  it  has  since  been  gradually  im- 
proved and  extended,  and  now  promises  to  be  universally  applicable.  No 
one  can  witness,  without  admiration,  the  steady  regularity  with  which  the 
toothed-wheel  locomotives  ascend  inclines,  nor  without  greater  admira- 
tion how  quietly  and  safely  they  descend  them.  How  differently  adhesion 
locomotives  behave.  They  are  seen  moving  up  steep  inclines  with  diffi- 
culty, here  the  wheels  slipping  on  account  of  the  greasiness  of  the  rails, 
there  brought  nearly  to  a  standstill  and  then  creeping  on  again :  they 
warer  and  their  progress  is  irregular.  In  descending,  the  locomotives 
are  seen  running  down  with  an  uncomfortable  speed,  all  the  brakes 
smoking-hot  and  still  scarcely  manageable.  A  toothed-wheel  locomotive 
can  be  stopped  in  its  descent  at  a  moment's  notice,  and  neither  wind,  rain 
nor  snow  have  any  appreciable  effect  on  the  working  of  its  line ;  while, 
au  eontrcdrtj  these  conditions  of  the  weather  greatly  affect  the  adhesion 
of  ordinary  locomotives,  which  can  never  in  descending  be  speedily  con- 
trolled. And  lastly,  Uerr  Thommen  actually  asserts,  that,  the  Rack-rail 
System,  in  spite  of  the  additional  cost  of  its  central  raok-ndl,  is  mile  for 
mile  cheaper  than  the  ordinary  smooth  line  system  when  applied  to 
mountains. 

Hence  Herr  Thommen  strongly  advocates  the  application  of  the  Back- 
rail  System  to  the  St.  Gotthard  line.  It  alone  will  drag  the  Company 
out  of  its  formidable  difficulties.  The  contemplated  excess  will  be  reduced 
by  more  than  5  millions  pounds  from  6|  to  1^  millions  pounds  and,  whereas 
by  the  adhesion  system,  the  dead  weight  dragged  forwards  and  backwards 
over  the  208  miles  of  the  mountain  line  will  be  nearly  50  millions  of  tons, 
by  the  Rack-rail  System  it  will  be  only  a  little  over  25  millions  of  tons. 
He  therefore  earnestly  recommends  the  application  of  the  Rack-rail  Sys- 
tem on  a  long  trunk  line  of  mountain  railroad,  not  at  all  as  a  makeshift, 
but  as  absolutely  the  best  system  yet  invented. 
%th  July,  1877.  
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Sinoe  writing  the  aboTe,  we  hare  reoetred  from  Mont.  Biggenbach  a 
piintod  exinct  in  Gtonnaiiy  from  ihe  Trayeliing  Joonul  of  a  Swiaa  Engi- 
neer,  a  tranaUiion  of  portions  of  which  will  be  of  iatereat. 

(Translations  from  the  Journal). 

On  the  29th  of  September,  we  began  onr  jonrney  orer  the  St  Gotihard 
to  Lngano,  from  which  we  Tiaited  Luino.    From  Lagano  we  travelled 
ihroagh  Mallarod   to  Oenoay  from  which  we  returned  home  over  the 
8implon. 

Asfnnda  ue  not  available  for  a  permanent  line  through  Monnt  Cenere, 
I  beg  to  soggeet  the  following  temporary  line  between  Bellinxona  and  * 
Lugano.  The  trank  road  between  these  two  towns  is  an  exeellent  one, 
qmfce  broad  enongh  for  a  line  on  the  metre  gange.  In  two  or  three 
piaoss  on  its  sonthem  side  the  road  wonld  have  to  be  altered,  as  the 
cnrrea  are  too  sharp ;  and  some  ezpenditore  would  be  needed  to  reach 
the  Rulway  Station  of  Lugano.  The  cost  of  all  this  I  estimate  at 
£4,000. 

The  length  of  the  tmnk  road  is  about  18  miles,  and  the  cost  per  mile 
of  laying  rails  and  providing  rolling  stock  would  be  about  £8,500.  Thus, 
the  whole  coet  would  be  about  £50,000.  The  13  miles  is  now  traversed 
in  4^  hours :  the  locomotive  would  do  it  in  1|  hours.  This  ad  interm 
line  eoold  be  worked  by  small  locomotives,  such  as  were  constmoted  at 
Aaran  for  Heir  C.  Honegger  of  Buti,  and  like  those  on  the  Wasseral- 
fingen  line,  where  they  have  worked  very  satisfactorily.  These  cog-wheel 
looooiotivee  would  each  weigh  only  6  tons,  and  draw  on  a  gradient  of  1 
in  20  a  train  of  80  tons  or  120  passengers.  The  working  expenses  of 
the  railway  per  train  mile  wonld  be  Is.  Z^d.  Similar  cog-wheel  locomo- 
tives, weighing  11  tons,  have  drawn  up  gradients  of  1  in  20,  trains  weigh- 
ing from  50  to  60  tons.  Cog-wheel  locomotives  on  the  mixed  system,  to 
run  over  ordinary  lines  as  well  as  those  with  the  rack-rail,  travel  at  the 
rate  of  15^  to  18|  miles  per  hour  over  the  smooth  rails,  and  at  from  6^ 
to  7|  miles  an  hour  over  the  rack-rail.  On  the  lines  on  which  they 
have  been  used,  the  gradients  have  been  as  steep  as  1  in  10,  and  the  radius 
of  the  curves  as  sharp  as  G5^  feet. 

After  a  short  stay  in  Genoa  we  returned  home  orer  the  Apennines. 
The  railway  here  has  gradients  of  1  in  30,  with  a  tunnel  2  miles  long, 
throDgh  which  the  gradient  is  1  in  38.     The  line  is  admirably  consimcted, 
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bnt  its  working  expenses  are  yery  heavy.  The  gigantic  locomotiYes, 
weigh  with  their  tenders  70  tons.  Heayy  goods  trains  are  drawn  by  three 
snch  locomotires,  two  in  front  and  one  behind.  Loeomotives  thus  weigh- 
ing no  less  than  210  tons  hare  to  transport  goods  np  a  height  of  over 
1,000  feet  in  1^  honrs.  The  Directors  of  this  line  have  been  apprised 
of  the  advantages  offered  by  the  Rack-rail  system,  which  conld  at  no 
great  cost  be  applied  to  their  line.  They  do  not  see  their  way  to  this  at 
present,  although  the  Rack-rail  system  would  rednce  their  woridng  ex- 
penses by  85  or  40  per  cent. 

A  Rack-rail  line  with  gradients  of  1  in  20  has  been  traced  from  Fri- 
burg  through  the  Hollenthal  to  Neustadt.  Its  Surveys  and  Estimates 
haye  been  completed,  and  will  be  laid  before  the  Baden  Parliament  during 
the  winter.  It  will  in  all  probability  receive  early  sanction,  as  the  Minis- 
ter of  Public  Works  is  strongly  in  its  favour,  being  convinced  that  the 
Rack-rail  system  is  the  only  one  which  can  be  constructed  over  monntuns 
at  a  moderate  cost  with  a  good  prospect  of  paying  a  dividend.  The  line 
between  Offenburg  and  Dowaneechingen,  which  crosses  the  same  moun- 
tains, has  been  constructed  on  the  usual  adhesion  plan.  It  has  cost  so 
large  a  sum  of  money  that  the  Baden  Government  has  resolved  to 
undertake  through  their  mountains  no  other  lines  on  the  same  system. 
Moreover,  its  working  expenses  are  so  heavy,  that  in  spite  of  an 
enormous  traffic,  its  receipts  barely  cover  them.  The  mountain  portion  of 
this  line  consists  of  tunnels  and  curves  which  cause  the  rails  and  rolling 
stock  to  wear  out  with  extreme  rapidity. 

J.  L.  Ii»  M. 
Uth  Deer.,  1877. 


J 
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No.  CCLX. 

STATISTICS  OF  NARROW  GAUGE  RAILWAYS  IN 

NORWAY. 


Cmwmnieaied,   wUk    Itemaris,  if  Major   T.  F.   Dowbbn,  R.E., 
A.l*v}JS« 


Thb  Aathor,  in  preseniiiig  the  Statistics  of  the  Norwegian  Railways, 

kindly  hunished  him  by  the  Director,  Mr.  Carl  PiU,  in  the  exact  state 

in  which  they  were  received,  has  abstuDed  from  general  comment  on  the 

fignrea,  which  would  make  the  paper  nnneoessarily  long.     The  importance 

to  be  attached  to  them  in  support  of  any  particular  view  will  often  yary 

with  the  Yiews  of  the  enquirer,  and  the  Statistician  may  be  content  with 

proTiding  fignres  in  the  most  generally  intelligible  and  acceptable  shape 

deriYed  simply  from  facts. 

Theory  and  Practice,  aided  by  access  to  well  arranged  statistical  re- 
cords of  working  will,  when  brought  to  bear  in  one  focus,  no  doubt  soon  lead 
to  useful  oonclosions  being  arrived  at  by  the  body  of  persons  interested. 
It  remains  only  to  give  Mr.  Oarl  Pihl's  sketch  of  the  situation  in  Nor- 
way, which  may  be  done  as  nearly  as  possible  in  bis  own  words.  A  short 
Memorandum  of  the  principles  and  points  to  be  kept  in  view  in  consi- 
dering the  figures  of  Railway  statistics  is  appended. 

Extracts  from  Letter  of  lith  June,  1877. 

*  Too  will  find  the  Tables  comprise  results  of  the  two  4  ft  84  in.  gauge  lines  at 
pfeaent  in  operation  in  Norway,  and  also  those  of  the  Swedish  State  Railways,  work- 
ing pretty  mnch  under  the  same  circumstances  as  oar  own.  I  have  pat  the  resnlts 
derived  from  the  foar  narrow  gauge  lines  (8  ft  6  in.)  side  by  side,  so  that  com- 
pariaona  may  be  made  between  the  different  items  of  expenses  in  working  on  both 
thesystema. 

"Norway        *  *  *  *  is  in  its  character  a  monntalnous 

ooDnky  with  a  total  area  of  122/)00  square  miles,  of  which  only  8  per  cent  is  calti- 
vated  and  arable  land,  21  per  cent  forests,  76  per  cent  mountains,  lakes  and  wastes 
(of  which  half  is  above  the  line  of  growth  of  forests).  The  nnmber  of  inhabitants 
is  only  1,800,000,  of  which  about  85  per  cent  is  employed  in  agricnltare  and  forestry, 
5i  per  cent  in  navigation  and  fishery.  Oar  coantry  has  a  large  bat  thinly  popa* 
lated  area  with  little  power  of  production ;  and  it  can  therefore,  be  no  promising 
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field  for  deTelopment  of  railways.    Only  one  or  two  of  our  railways  hsTe  mnch 
traffic,  the  others  have  a  comparatively  small  traffic,  and  give  little  or  no  sorploa. 

"  My  opinion,  based  npon  the  experience  of  working  the  railways  of  the  8  ft.  6  in. 
gange  compared  to  the  others  is,  that  for  a  small  traffic  the  economy  is  decidedly 
in  favour  of  the  less  costly  system,  where  the  whole  apparatus  throughout  is  propor- 
tioned with  a  view  to  meet  the  comparatively  limited  requirements,  and  our  experience 
on  the  most  busy  line  on  the  3  ft  6  in.  gauge,  (Christiania-Drammen,)  has  given 
rise  to  no  suspicion,  that  the  same  good  results  do  not  hold  good,  even  after  a  consider- 
able development  of  traffic.  Yon  will,  by  studying  the  statistics,  perceive,  that  the 
different  items  of  expenses,  where  comparison  should  be  drawn,  such  for  instance 
the  maintenance  of  line,  expense  for  rolling  stock  and  traction,  all  shows  certainly 
quite  as  good,  and  even  better,  results  than  on  the  ordinary  gauge.  One  point,  which 
in  my  opinion,  shows  favourably  is,  the  better  proportion  between  ^he  dead  weight  and 
carrying  capacity  of  the  carriages  and  wagons,  and  also  the  ahtolute  smaller  weight 
of  the  narrow  gauge  stock.  With  regard  to  the  first,  we  all  know  its  importance,  but 
what  seems  not  to  have  been  so  well  understood  by  many,  is  the  comparative  case 
with  which  this  can  be  attained  for  any  wagon,  provided  it  is  made  to  carry  a  keavf 
or  large  weight,  as  of  course  the  wagon  with  but  an  insignificant  addition  in  weight 
(from  stronger  springs  and  perhaps  axles)  may  be  made  to  carry  even  twice  as  much 
weight  in  one  case  as  in  the  other.  With  regard  to  the  second,  or  the  absolute 
smaller  weight  of  the  rolling  stock,  I  consider  this,  especially  when  coupled  with  a 
limited  traffic,  to  be  of  equal  and  even  greater  importance,  when  considering  that  as 
a  rule  the  wagons  are  but  seldom  loaded  to  more  than  25  to  70  per  cent  Tables 
0.,  H.  and  I.,  are  intended  to  show  how  this  influences  the  working. 

"  With  regard  to  your  special  question,  as  to  therelativecostof  paaaenger  and  goods 
trains  at  high  and  low  velocity,  I  can  give  yon  no  definite  or  satisfactory  answer.  Not 
only  the  general  profit  (Gradients  and  Curves)  of  our  lines,  but  also  eoomimic  reasons 
.  forbid  high  speeds.  We  tun,  however,  our  trains  with  the  same  speed  on  both  the 
gauges,  but  have  none  of  what  yon  would  call  fast  trains.  We  have  no  exclusively 
passenger  trains  but  all  of  them  are  mixed,  or  doing  more  or  less  service  for  the 
goods  traffic,  but  no  shifting  of  goods  wagons  is  allowed  in  the  trains  specially  run 
for  passengers.  The  speed  they  are  run  at  varies  between  20  and  25  miles  an  hour 
between  stations— special  goods  trains  of  conrse  being  excepted." 


Principles  and  paints  to  he  kept  in  view  in  considering  Railway  Statistics. 
The  dividend  of  Railways  is  made  up  as  follows : — 
(I.)— Beceipts  —  Working  Expenses 

Capital. 
This  may  be  further  represented  by  the  following — 

(II,).,..,(Qnantttar  <rf  Traffic  x  Batw)  ^  (Qoimtl^  of  TrmlBo  x  Working  Bipeme  per  unit) 

Quantity  of  Traffic  x  Capital  per  unit, 
and  the  amount  will  vary  therefore  as— 

(III.)— Average  Rate  —  Expenses  per  unit 

Capital  per  unit. 
The  dividend  as  regards  this  fraction  will  be  greatest  when  the  Denomi- 
nator is  least,  or  when  the  Capital  employed  per  unit  is  least  (1),  when 
the  rates  are  highest  (2),  and  when  the  expenses  are  least  (3)  per  upit. 
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For  a  giTen  style  of  csonstnictioii  the  Capitsl  will  1>e  least  when  the 
amoant  sank  on  the  whole  works  ia  in  proportion  to  the  nnniber  of  units  of 
traffic  to  be  aecommodatedy  or  conTersely,  when  the  line  is  fully  employed. 
The  Batea  will  be  highest  acoording  to  the  demand  for  transport  and  the 
willingneas  and  ability  of  the  customers  to  pay.  The  rates  need  only  be 
reduced  in  order  to  attract  the  full  traffic  for  which  the  capital  proTides ; 
beyond  that  point  they  may  be  increased  with  increased  demand,  unless 
we  are  prepared  to  increase  the  Capital  account. 

To  increase  rates,  however,  is  to  give  a  check  to  adyancement ;  it 
could  also  not  be  carried  out  in  the  face  of  a  healthy  competition. 

To  increase  the  capital  account  ffithout  increasing  the  carrying  powers 
in  a  greater  ratio  will  not  tend  to  increased  dividend  from  quantity  of  traffic. 
The  expenses  will  be  least  per  unit|  when  the  line  complete  in  e?ery 
respect  in  all  its  component  parts,  has  the  full  traffic  for  which  the  capital 
profides.     They  will  decrease  per  unit  as  that  quantity  is  gradually  at- 
tained, and  will  increase  when  that  limit  is  passed. 

As  the  Dividend  will  have  the  first  consideration  with  the  investor,  he 
will  look  about  for  a  possible  means  of  increasing  it,  when  his  original 
capital  is  being  fully  worked. 

By  doubling  a  line  we  know  that  we  double  the  capacity  without 
doubling  the  expense  of  construction,  and  this  in  itself  must  lead  to  in- 
creased dividend,  unless  the  working  expenses  are  increased ;  this  is  not 
the  case  but  the  reverse ;  in  fact,  by  increasing  the  number  of  lines  of 
rails  they  are  diminished,  per  tmit  through  the  so-called  fixed  charges. 

But  before  this  process  is  gone  throagb,  the  Capacity  of  the  single  line 
may  be  marvellously  increased,  in  a  greater  ratio  than  the  Capital  Account 
if  ihe  original  works  did  not  contemplate  a  maximum  but  a  minimum 
traffic.  This  may  be  done  by  adding  to  some  of  the  parts  of  the  Rail- 
way, noteably,  the  if  eight  of  Rail,  the  quantity  and  weight  of  Rolling 
Stock,  the  Brake  power,  and  the  number  of  block  clear  lengths  of  Line. 

Such  an  arrangement  has  also  this  recommendation,  that  it  tends  to 
increase  the  total  working  expenses  in  a  less  ratio  than  the  increase  of 
Capacity ;  and,  consequently,  to  decrease  the  expense  per  unit  and  in- 
crease the  dividend  from  this  cause,  and  also  by  an  increased  quantity  of 
traffic  per  unit  of  capital.  The  charges  for  trains  and  signalling  are 
increased,  the  former  by  additions  to  Rolling  Stock  and  Brake  repairs, 
the  latter  by  signal  and  point  arrangements  at  shorter  intervals.  A 
slight  addition  is  made  to  Maintenance  expense,  and  to  the  General  and 
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a^H^^od  fixed  efitablishments,  aptrt  from  the  trein  woiking;  these  form- 
iog  aboat  half  the  working  ezpenseSi  are  added  to  Teiy  slightly  in  pro- 
pQrUoa  to  the  number  of  trains  which  may  be  ran. 

No  doabling  of  lines  is  therefore  ordinarily  likdy  to  take  place  till 
eittgle  ones  have  been  fnlly  developed.  The  process  of  increasing  the 
power  of  the  single  line,  toids  to  increase  the  DiyidendSi  without  a  neces- 
sity for  increasing  the  rates ;  but,  it  has  the  advantage  also  of  admitting 
of  some  redaction  of  rates,  while  still  leaving  some  increase  of  dividend. 

To  such  a  promising  state  of  things,  the  first  consideration  is  to  seek 
a  limit;  this  limit  is  evidently  first,  that  dae  to  safety  in  working,  for  it 
cannot  be  conceded  that  dividends  are  to  be  increased  at  more  than  the 
ordinary  risk  of  life.  Moreover,  this  limit  fixes  the  point  when  the  ex- 
penses begin  to  rise.  A  single  smash  may  cost  a  laige  smn,  not  only 
not  spent  nnremnneratively,  bnt  tending  actually  to  reduce  the  carrying 
power  and  the  earnings  during  the  process  of  repair. 

The  over  work  of  a  line,  for  the  style  of  constraction  and  appliances 
available,  from  whatever  cause,  produces  an  excess  working  expense  and 
loss  of  power  in  a  similar  manner,  by  premature  wearing  out  of  the  Bails, 
TjxeB^  &c.,  which  it  would  have  been  cheaper  to  have  made  more  durable 
by  a  slight  addition  to  the  capital  cost ;  the  limit  to  the  wear,  prescribed 
by  the  repairs  not  costing  more  than  the  interest  on  the  capital,  is  evi- 
dently to  be  kept  in  view. 

Again,  by  increasing  the  number  of  crossing  places  and  shortening  the 
Block  clear  lengths  of  a  single  line,  the  through  speed  is  ultimately  con- 
siderably reduced,  and  a  limit  is  imposed  in  this  direction,  largely  affecting 
the  capacity  of  the  line  in  ton-mileage  per  hour,  and  increasing  the  cost  per 
unit. 

The  Board  of  Trade  Returns,  however,  give  ample  evidence  of  a  large 
development  on  English  Railways. 

Codtper 
MUmbIii-      rr^^M     "^^■'^^•-»_.       M    Tmlnmlleg  ^^'^^    Trains  per 
gleune  raito*  permile       t^^na  °V 

A  ^  1  i  18^  1^*1^6  286,068,794  20,400  82,978,768  5,880  150  tonflL  16*0 
Accoau.    I  jgyg  25^56  630,223,494   24,600  209,628,186     8,190  240    „  225 

u  *-^       J  585*        IW)  ...  100   •       ...  100  100     „  100 

**^**»     \  1876        181  ...  121  ...  139  160    „  148 

The  only  figure  assumed  is  the  weight  of  trains,*  which  has  increased 
(probably  regularly)  to  about  four  times  what  it  was  in  1840,  namely,  63 
tons  on  the  average. 

*  The  totol  TAporiMition  of  engines  per  bour  baa  incresied  f onr-fold  dnoe  Pambour  oondnotod 
bi«  ezperimento  in  1840, 
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The  ratio  of  increased  eapacitj  is  represented  by  the  train  mileage  per 
mile  X  by  weight  of  trains,  or  j^  x  j^  or  — ;  thus,  while  the  cost  of 

the  single  line  has  only  increased  21  per  cent.,  the  capacity  has  increased 
by  122  per  cent. 

Also  the  workings  expenses  and  receipts  per  train  mile  hare  remained 
almost  constant,  while  the  weight  of  trains  has  increased  60  per  cent., 
showing  a  reduction  to  about  that  extent  in  the  working  expenses  and 
rates  per  unit.     While  a  greater  speed  has  been  maintained  and  a  larger 
number  of  trains  run  ;  in  other  words,  a  better  service  has  been  afforded. 
What  has  been  stated  will  show  how  profitable  Railway  enterprise  most 
be,  especially  with  an  established  monopoly ;  how  possible  it  is  to  introdoce 
it  in  a  comparatiyely  cheap  manner  and  develop  it  as  trade  and  traffic  in- 
crease ;  how  trade  and  traffic  may  be  themselves  increased  by  timely  liber- 
sfity  in  reductions  of  rates ;  while  judicioos  management  may  at  the  same 
time  secure  some  increase  of  dividend  for  the  Railway. 

It  win  thus  now  be  observed,  that  it  is  difficult  to  compare  the  working  of 
Railways  unless  the  above  principal  considerations  are  all  borne  in  mind. 

Also  in  order  to  convey  a  comprehensive  idea  of  the  effect  of  the 
Railways  compared ;  it  is  desirable  that  statistical  figures  relating  to  cost, 
traffic,  and  working  expenses  per  mile,  &c.,  and  the  gradients,  speed,  &c., 
should  all  appear  in  as  close  juxta-position  as  possible,  so  that  dissimi- 
larity of  conditions  may  at  once  be  recognised,  and  the  value  of  the  dif- 
ferences estimated  if  possible. 

The  net  result  of  the  whole  working  summed  up  in  the  '  Dividend,'  is 
however,  what  chiefly  interests  the  investor,  and  as  long  as  the  dividend 
is  a  good  one,  few  questions  are  likely  to  be  asked. 

But  the  State,  or  the  Country  generally,  cannot  be  said  to  be  so  much 
interested  in  seeing  railway  dividends  high,  as  in  possessing  an  ample  and 
dieap  system  of  communication ;  its  Railway  Officers  are  charged  with 
the  important  duty  of  ascertaining  how  this  can  best  be  done. 

The  English  Railway  system  affords  very  little  statistical  information 
regarding  the  working.  Questions  affecting  constructive  detuls  have  mostly 
excluded  the  question  of  gauge,  owing  to  the  necessity  for  uniformity  in 
that  respect. 

An  experiment  is  being  tried  in  many  countries,  for  introducing  a 
cheaper  class  of  Railway  to  suit  a  small  traffic  by  a  contraction  of  the 
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gauge,  and  any  eyidence  that  may  be  forthcoming  on  the  relative  econo- 
mical yalae  of  the  measure,  cannot  bat  be  highly  interesting  and  valnable. 

Bat  it  has  been  attempted  to  be  shown,  in  the  foregoing  slight  sketch, 
of  the  inflaences  that  affect  the  constraction  and  working  of  all  Railways, 
whatever  the  gange  may  be,  what  a  very  careful  analysis  of  the  causes  which 
affect  the  figures  appearing  in  a  statistical  enquiry  is  necessary,  and  oon- 
seqnontly  how  difficult  it  must  be  in  practise  to  establish,  by  that  method  alone 
a  claim  to  superiority  in  regard  to  cost  and  performance,  (which  must  be 
considered  together),  for  any  particular  gauge  or  style  of  constraction, 
unless  the  entire  similarity  of  the  conditions  in  other  respects  prevents 
a  difference  being  assigned  to  any  other  cause. 

It  has  been  shown  that  the  net  useful  result,  is  influenced  by  the 
Beceipts,  Expenses,  the  Capital,  its  Mode  of  Expenditure,  and  the  Quantity 
of  Traffic.     It  will  be  further  influenced  by  the  location  of  the  Railway. 

For  the  local  Receipts  will  be  in  proportion  to  the  density  of  popula- 
tion, and  the  power  and  the  willingness  of  the  people  to  pay,  and  the 
through  receipts  per  mile  will  be  in  proportion  to  the  length  of  the  Rail- 
way and  importance  of  the  trade  and  traffic  accommodated. 

The  Capital  Outlay  will  be  in  proportion  to  the  flatness  or  hilly  nature 
of  the  country.  The  longer  the  line,  the  greater  the  number  and  size 
of  the  obstacles,  in  the  way  of  rivers  and  hills,  it  is  likely  to  have  to 
traverse,  and  on  this  account  trunk  lines  are  usually  more  expensive  per 
mile  to  construct  than  secondary,  and  secondary  than  short  branch  lines : 
Railways  constructed  in  the  hills  are  more  expensive  than  in  the  plains 
per  mile,  and  so  on. 

The  Expenses,  per  unit,  will  be  less  on  level  lines  than  on  undulating  ones, 
and  on  long  than  short,  also  less  in  rural  districts,  where  wages  are  low 
than  in  highly  developed  districts,  producing  the  more  valuable  articles 
of  trade,  and  in  the  neighbourhood  of  towns. 

Now  these  facts  clearly  show  that  it  is  possible  to  adapt  Railway 
Construction  to  suit  the  requirements  of  the  financial  situation  and  the 
probable  traffic,  within  a  very  wide  margin,  to  produce  a  given  dividend 
without  reference  to  the  question  of  gauge. 

In  dealing  with  the  Statistics  of  Railways,  therefore,  it  is  better  to 
afford  the  fallest  information  on  all  the  points  referred,  to  in  the  above 
reduced  to  its  simplest  form. 

At  starting,  the  consideration  of  a  standard  unit  of  useful  work  done 


I 

] 
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has  to  be  determined  on«  The  absolute  messare  of  the  total  work  done, 
eoold  only  be  made  by  redneiog  everything  to  the  mechanical  eqniyalent 
of  weight  raised  through  space,  as  the  ton  raised  one  foot  high ;  this 
conld  no  donbt  be  done  as  regards  all  the  operations  connected  with  the 
weights  moved. 

Bat  a  more  conwenient  and  practical  measure  of  the  utefiU  work  on 
Bttlvays  is  that  of  weight  moved  over  distance,  as  the  ton  over  a  mile. 

TMs  measure  has  an  advantage  over  the  train  mile  unit,  which  applies 
only  in  some  cases,  and  is  liable  to  be  used  when  not  suitable,  as  in  the 
division  of  expense  between  passengers  and  goods  on  the  same  railway. 

With  a  carefal  record  of  the  gross  ton  mileage,  the  useful  work  done, 
measured  in  gross  load  moved  over  space  in  a  unit  of  time  can  be  ascer- 
tained. Only  by  some  such  method  can  account  be  taken  of  the  power 
expended  and  the  cost  of  it,  under  the  different  conditions  of  working 
tnuns  on  the  same,  or  different  lines  of  rails. 

Hie  cost  of  the  nseful  or  paying  work,  will  thus  evidently  not  depend 
only  on  the  distance  run  or  weight  moved,  irrespective  of  time,  but  on 
the  whole  power  expended  and  the  cost  of  it  in  a  unit  of  time. 

The  paying  work  or  freight  moved  a  mile  will  seldom  form  a  fixed 
proportion  of  the  total  or  gross  weight  moved  a  mUe.  No  more  impor- 
tance is  to  be  attached  to  the  absolnte,  or  average  proportion  of  freight 
to  gross  loads  than  to  all  the  other  considerations  effecting  the  working ; 
the  former  must  be  tested  by  the  expense  per  unit,  and  the  latter 
by  the  empty  haulage  and  traffic  exigencies  for  augmenting  the  total 
receipts  wherever  they  may  offer. 

The  speed  is  as  much  an  element  of  economical  working  as  the  load, 
and  the  maximum  effect  is  only  to  be  got  by  a  consideration  of  both. 
An  increase  of  one  generally  leads  to  a  decrease  in  the  other  on  the  same 
Bailway ;  there  is  a  point  when  the  greatest  Um-mike^e  is  being  per- 
fonned.* 

The  gross  ton  mile  sufficiently  nearly  represents  the  unit  of  mechani- 
cal power  expended  in  doing  useful  work  irrespective  of  the  mode  of 
working,  to  which  fixed  constants  can  be  applied  for  the  effects  of  gravity 
on  different  lines,  and  for  the  different  speeds  employed  on  the  same 
line,  in  order  to  represent  the  cost,  these  constants  could  be  calculated  with 
Mathematical  exactness  once  for  all  for  every  Bailway  or  district  of  it. 

*  It  tppeia  tiMit  tlM  foperiar  iTvnge  ipeed  iTiiUbto  on  Uw  4'  8|'  goDge  in  Norway  is  not  em- 
pioyva. 

L 
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TABLE   A. 
Data  fob  Construgtioh. 


Dtiidii 


§1 


Hunu* 

AJUBOi 


d 


Dmmnen* 


Gauge  of  line,        •• 

Nnmbsr  of  miles  opened,  •• 

Weight  of  nils  in  fta.,  per 
y«d,         

Baling  or  steepest  gradient 
"  np  "  line, 


•  • 


•  • 


Corresponding  resistance  in 
tbs.,  peir  ton,        •• 

Tractire  power  per  each  ton 
weight  of  driviDg  wheel 
pxessnre,    ••        ••        •• 


Proportion^ 


•  • 


•• 


Baling  or  steepest  gradient 
''down"  line, 


•  • 


•  • 


Oorresponding  resistance  in 
lbs.,  per  ton. 


•  • 


Xracti^  power  per  eaeh  ton 
weight  of  driving  wheel 
pressure, 


Vroportiont 


•  • 


•  • 


Difference  in  leyel  between 
terminal  stations,  •  • 


•• 


Height  of  snmmit  or  ascent 
mm  the  lowest  terminus. 

Cost  of  constmction  per  mile 
ol  Una,     ••        ••         £ 


Opened  for  traffic,  .. 


4'8r 
60&72 

660 

0*95 

iftr 
47-8 

7-9 
1-07 

8*96 

687 

11,M9 
i'54 


4'8r 
71-0 

62 


¥iv 


21-2 

17-0 
9*98 

190 

19-7 
2*66 

87 

156 

6,072 

I '62, 
and  tt'<J5 


3' 6' 
89-9 

37 

■h 
86*0 

10-4 
1-76 

420 

8-9 
1-20 

3-12 

459 

2.695 

T%'62, 
and  tV  '71 


80-1 
87&41 


A 


68-3 


5*9 

lOOl 


1 


SM 

7-4 
1-00 

161 

408 

5,880 


8' 6* 
89^ 

40 

i^ 
47-8 

7-9 
1*84 

tV 
89*9 

9*4 
1*24 

444 

684 
4,857 


i 
S 

i 


f'64     14 '66, 
and  \%  *C 


8*6" 
4*7 

40 

880 

9*8 
1^ 

420 

8-9 
1*20 

0 

485 

7,568 

ItV'72 
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TABLE  B. 
Traffic  Bmults. 
Extract  of  th^  l^Jk  BUum$  far  1675. 


DctaOi 


QA170R,  4'  84* 


LQlaftrdm- 
OnadMn 


Oacgs,  8'  6* 


Aamot 


i<o 


•• 


Number  of  miles  opened  for  traffic, 
Gostofconitnictbii,  per  mile  of  line,       •#  £ 


Nomber  of  tndn  miles, 


•• 


*• 


n  psfingfn  eemed, 

„        „     miles,  jMTVif  20  ^Zin^i 

„  goods  ton  miles,  ji^  mile  of  Hne, 
B     n     »      n      n  troin  miU, .  • 


Net  ksd  of  psssenger  and  goods  ton  miles 
permmmUe^ 

Groa  load,  indndtng  engines,  wagons,  and 
carnages,  <raia  flitZf •• 

BeceiptM, 

Paasenger  noeiptB,  per  mile  of  line,         ••  A 
n  »        t§   train  miUf  •  •   t. 


Goods' noeiptB  per  mile  of  line,     • 

n  n  n     trOM  miU, 


•  • 


Total  rbcrifts  per  mile  of  line,  •  •  £ 
„         „    train  mUe,     •  •  ». 

Expenset, 

MiDsgement  and  offices,  per  mile  of  line,     £ 
n  »        n        n   train  mile,    ..  s. 


Station  expenses,  per  mile  of  line, 
n  »        n    train  mile. 


•  •  a. 


LooomotiTS  D^»artment,  per  mile  of  line,     £ 
„  n  n    train  mle,  ..  a. 

Wagon  Department,  per  mile  of  line,      •..  £ 
0  n  n    train  mUe,        •  •  a. 

Maintenance  of  line,  fences  and  bridges,  per 
mile  of  line,        ..         £ 

»  II  w  P®' 

trainmile,  a. 

Maintenance  of  bnildin|^  station  yarda,  tele- 
graph, per  mile  of  line,  •  •         •  •        »•  £ 


42-0 
11749 

188,641-3 
8801 

880,228 
186,606 

149,154 
452 


58-0 
218*6 


457-8 
2-8 

1164-9 
69 

17087 
10*4 


490 
0*80 

2881 
1-40 

272-2 
1-60 

60-4 
0-81 


2567 
160 

117-7 


75*6 
6458 

199,602*9 
2640 

165,696 
57,217 

105,259 
89-9 


45-8 

168*8 


171-8 
1-8 

873*5 
2-8 

555-5 
4-2 


169 
018 

85*8 
0-65 

109-8 
0-88 

44-0 
0-84 


117-9 
0*89 

477 


82-9 

7177 

168,7981 
51805 

608,646 
248,472 

45,629 
8-9 


188 

800 


7281 
28 

875-1 
1*5 

1127-4 
4-4 


45-8 
0-18 

220-7 
0-77 

282-1 
0-90 

78-4 
0-29 


180*5 
0-51 

51-7 


89-6 
4295 

191,824-7 
2185-8 

825,789 
59,981 

88,048 
17  8 


211 
88-5 


167-7 

1-67 

2107 
1-97 

400-8 
8-75 


21-9 
0-20 

77-2 
072 

810 
076 

28*4 
0-27 


41-3 
2809 

62,691*3 

1518 

115,424 
39,282 

14,604 
9-6 


121 

62*8 


110-8 
1*45 

148-3 
1*89 

2606 
3-43 


17-9 
024 

69-6 
0*92 

537 
071 

91 
0-12 


83-2 

58*4 

111*1 

0*78 

0*77 

1-47 

200 

12-9 

13-9 

80-1 
6487 

45,570 
1514 

180,047 
57,998 

22,693 
149 


17-8 
84-6 


151-5 
2-00 

198-0 
2-62 

859-0 

4*74 


221 

0-29 

60-1 
0-79 

76*6 
101 

22-1 
0*29 
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TABLE  B.— {Continued). 
Traffic  Results. 
Extract  of  the  Traffic  Setuma  for  1875.— (Continued). 


Detail* 


O^UOB,  i'  8|' 


OAUaB»  V  6* 


-as 

I 


LU1eBlr6in- 
Ghrandaen 


I 


a 


Maintenance  of  bnildings,  station  yards,  tele- 
graph, per  train  mi7« s. 


Other  expenses,  per  mile  of  line, 

„    train  milet 


•  • 


»f 


91 


Total  szPBNBBS,ptfr  mile  of  ^ine,  ••  £ 
y,  yi  „  train  mifo,     • .  4. 

Surplus,  per  miZtf  o/ Ztni*, £ 

„    tram  mile^        «. 

in  per  cent  of  inrested  capital,  •  •  ^\q 


ft 


0*86 

611 
038 
478-2 
8-58 

828 
062 
1-867 


0-20 

98-8 
0-86 
847-0 
3*80 

280*4 

110 

8-688 


019 

41-4 
039 
863-1 
8-31 

47-7 
0*44 
1109 


017 

lOT 
014 
232-2 
3-06 

28-4 
0-37 
0-947 


0-18 

7-6 
010 
812-9 
4-18 

46-1 
0-61 
0-865 


Arerage  Passenger  fares,  per  mile,  farthings, 
„        Goods  rates,  per  ion  mile, 
„        Receipts,  per  grott,  ton  mUe, 
Expenses,         „ 


M 


») 


>} 


3*22 

2  88 

2-85 

2-68 

2-69 

7-61 

3-66 

7-89 

6-31 

9-40 

2-84 

1-19 

2-64 

216 

2-62 

1-49 

102 

1-98 

1-90 

2-34 

2-50 
844 
2-69 
234 


*  Deduced  from  the  figaroB  abOTe.— T.  F.  D. 


^ 


BTATimCW   or  VARBOW   OAUOB  BAILWATS   IV   HOBWAT. 


77 


TBAmo  Rbbttlts. 
TABLE  0. 
Average  for  the  Qutnqtnnium  1871-75. 


4'  Si'  OAUOB 


1 


I 


re'OAuai 


I 


II 


if- 

oh 


Kanbw  of  milea  qpened  for  traffic, 

9       „  looomotiTe  miles,  per  mile  of  line, 
n       n  timinmiles  » 

n 


•  • 


»     If 


•  • 


•  • 


„  cazriiffieB  and  wagons  miles,  per  mile 
of  fine,     ••        ••        ••        • 


0       „  caxxiages  and  wagons,  per  train  mile. 
Net  load  of  goods  per  mile  of  line,  ton  miles, 


PToportioHf 


•  • 


Ket  load  of  ^oods  and  passenger  per  mile  of 
line,  ton  mileSy  ••        ••        ••        • 


Proportwn^ 

Grass  load,  isclnding  engines  and  wagons,  ton 
mileay  p^  mile  of  fine,  •  •        •  • 


Proportion^ 


•  • 


Gross  load,  isclnding  engines  and  wagons,  ton 

mUe,  ••        ••        •• 


miles^  per  tiain 

PrcportioHf  •  • 

Net  load  in  per  cent  of  gross  load,     ..  <>/« 

Proportion^  •  • 
£ffect  of  one  poond  of  coal  in  ton  miles, 

Proportion,  •  • 

JlecMipii* 

Passengers*  receipts,  per  mile  of  line, .  •  £ 

Proportion,  •  • 

Goods'  receiptB|  per  mile  of  line,         . .  it 

Proportion,  •  • 

Total  bbckipts,  per  mile  of  line,  it 

Proportion,  •  • 


42-0 
5172 
8216 

64,952 
20-2 

145,061 
12-25 

158,612 
10-82 

640,485 
9-11 

199 
8*70 
28-99 
1*58 
048 
1-41 


75-6 

2624 

2570 

40,469 
157 

84,447 
718 

88,222 
6*22 

856,425 
5*07 

189 
2-57 
24-25 
168 
0-81 
288 


869 

8-99 

1061 

8-74 

1589 

6-91 


805^ 
8896 
8256 

50,822 
15-5 

100,758 
8*50 

110,812 
7-81 

512,551 
7-29 

157 
2-91 
21-60 
1*42 

•  • 


141 
1-51 
802 
2-49 
454 
2*04 


829 
8*55 
450 
8*71 
788 
8*54 


89-9 

1456 

1812 

10,564 
7-9 

11,846 
1-00 

14,191 
100 

70,884 
1-00 

54 

100 

20-20 

1*88 

0-40 

1-18 


98 
1-00 
121 
IW 
228 
100 


80*1 

1960 

1502 

14,886 
9*5 


17,894 
1*51 

21,926 
1-54 


110,180 
1*59 

78 
1-85 
19*9 
1*81 
0-84 
1*00 


80*5 
2565 
2188 

20,977 
9*6 

89,650 
2*98 

89,180 
2-76 

162,678 


82*9 
7898 
4977 

44,850 
9-0 

86,708 
810 

552-4 
8-90 

864,110 


125 
1-85 
156 
1-29 
281 
1-29 


2-81 

5-18 

75 

78 

1*89 

1-85 

24*1 

15*2 

1-59 

1-00 

0*47 

0*71 

1*88 

1-20 

188 

656 

1*49 

7-09 

178 

299 

1*47 

2-46 

888 

979 

1*49 

4-89 

78 
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TABLE  G.^(Continued). 
Tbaffio  Results. — (Continued). 


4'84'GaU6I 


i1 


8b 

=  o 


12 


8*  e*  Gaugb 


f. 


0 
9 


II 
f 

I 


Management  and  offices,  per  mile  of  line,  .  •  £ 

Proportion,  ••  „ 

Station  expenses,  per  mile  of  line, .  •        .  •  £ 

ProportioH,        •• 
liOobmotiTe  Department,  per  mile  of  line,. .  £ 

Proportwn,        •  • 
„  M  per  mile  of  line,..  £ 

P^^oportwn,       •• 
Wagon  Department,  per  mile  of  line,       .•  £ 

Proportion  f 
^  „        per  wagon  mile,        ••    «. 

Proportion^        • . 


Maintenance  of  line  and  bridges,  per  mile 
of  line,        ••        ••        • £ 


•  • 


Prt^xtrtionp 

Total  expenses,  per  mile  of  line,  £ 

Proportion,        •. 

„        „         per  tndn  mile,       «. 

Proportion^        •  • 

„         „           per  gross  ton 
mile, «. 

Proportion, 

Expenses  in  per  cent  of  receipts,  •  •  »/< 

Cost  op  oonsteugtiok,  ptt  mile  of  line,    £ 

SUEPLUS  in  per  cent,  of  inyested  capital,    "]o 


47 

3-91 
186 
8*69 
225 
5-38 
1-40 
1^-51 
58 
5*02 
0-017 
1-30 

214 
4-96 
886 


15 
1-21 

67 

1-34 

108 

2-58 

0*83 

1*50 

42 

4-10 

0*021 

1-53 


100 
2-31 
387 


4-68 

2-04 

6-51 

301 

2-24 

1-22 

0*027 

0*021 

1-7 

1-4 

57-6 

85-2 

11269 

6092 

5-8 

1-10 

12 
1-00 
110 
2-19 
135 
3-24 
0-70 
1*47 
85 
3-45 
0-011 


15 

1*29 

52 

1-04 

42 

1*00 

0-64 

1-14 

10 

100 

0O20 


1*00 

1-41 

120 

43 

2-78 

1-00 

440 

189 

2ai 

1-00 

2-68 

2-99 

1-08 

117 

0*017 

0*055 

1-0 

3^ 

55-8 

84-8 

7792 

2995 

4*23 

113 

19 

1-56 

50 

1-00 

65 

1-56 

0-87 

1-55 

15 

1*44 

0*021 


89 
2*06 
256 
1*35 
3*40 
1-36 

0H>46 

2-9 

89-3 

5330 

0-57 


20 
1-64 
59 
117 
61 
1*46 
0-56 
1-00 
20 
2-00 
0-020 


1-53        1-41 


71 

1-65 

261 

1-38 

2-47 

1*00 

0-032 
2-0 
79-6 

4,357 
1-54 


40 
3*84 
185 
3-63 
188 
4-50 
076 
1-35 
50 
4-89 
0-022 
1*65 

106 
2-45 
673 
3-56 

2-70 
110 

0-037 

2*3 

68-3 

7,568 

4-36 
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CovpABATiTB  wei^bt  of  Engine  reqaired  to  drmw  a  certain  Passenger 
Train  up  1  in  70  on  the  S'  6'-  and  4*  Sl'^-gaage,  re8pecti?e1j. 

TABLE  H. 

ICttUrUl :  Bngliah  PatUra 


4  Compotites  and  4-6  tons, 
8  2Dd  C9ui  And  8*8  „  .. 
1  BnakTUi, 

250  PaneDgen, 

Luggage,  fte.|  ••• 


••• 


]8'4  tons 
804    „ 

8-8    „ 
18  75  „ 

2-00  „ 


78-35 


4  Compodtet, 
4  SndCliiH, 
4  8rd      ^ 
1  BreakTan, 
250  Paaiengen, 
LoggMga,  &c. 


••• 


••• 


••• 


••• 


••• 


••• 
••• 


#•# 


22-4  tons. 
21-6 
21-2 
5-5 

18'76 
2-00 


n 

M 

n 

M 

n 


91-45 


Snppofliiig,  therefore^  this  train  of  73-86  tons  on  the  Narrow-gango 
Teqoires  an  engine  of  the  standard  type  on  the  Ghristiania,  Drammeni 
BandsQord  line,  with  a  driving  wheel  pressure  of  12*4  tons  (total  17 
tons),  an  engine  of  16-3  tons  on  the  driyers,  say  (21*6  total)  might  be 
necessary  for  the  91*45  tons  train  on  the  Broad-gaogCi  or  an  engine  24 
to  25  per  cent,  hearier.* 

CovPA&ATiTB  weight  of  engine  required  to  draw  a  certain  Goods*  train 
up  1  in  70  on  the  8'  6'-  and  4'  8^*-gauge,  respectiTcly. 

.     TABLE  L 


DrutMU 

Bandsfjord, 

8  S'gMige 

ObrlrtUnla, 

BtdtTOld  4'  8i«- 

gaag«.    Rolling 

•took  of  BngUah 

Ffttlern 

Swedish  CK>Teni- 

m«nt,  4'  8A'. 
Rolling  itoek  of 
Oomuui  Pttttorn 

• 

ATvage  weight  of  wagon,        •  •        •  • 
M       kNuSng  capacity^         ••        •• 

8*4  tons. 
56      „ 

'To    „ 

4*4     ions. 
"  10-8       „ 

4-6  < 
7-1 

k>ns. 
If 

ft 

SoDlf      •  t 

11-6 

Kett  load  per  wagon. 

Tons. 
80 

Ton& 
4-5 

Tons. 
80 

Tons. 
4-5 

Tons. 
80 

Tons. 
45 

^       for  16  wagons 

Wagon  weight  for  16  wagons,  •• 

450 
51-0 

67-5 
510 

45*0 
66-0 

67-5 
660 

450 
67-5 

67-6 
67-6 

Snnii    •• 

960 

118-5 

16-46 
5-49 

1110 

188-5 

112-5 

1850 

DriTing  wheel  preesore  for  the  aboTe 

named  train,      •  •         .  -    ,    •  •        •  • 
Wei^t  for  the  leading  wheels,  •  • 

13-88 
4-44 

15-42 
5*14 

18*54 
6-18 

15  62 
5-21 

18  76 
6-26 

Weight  of  locomotiTe, 

17-77 

21-95 

20  56 

24-72'   20-83 

250 

•  Tior  what  gviatar  pwoentage  of  ipMd  sot  gtatod.*T.F.D. 
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Narrow  Gauqb  Railways — 1877. 


TABLE  K. 


Giiige 


111 


UOm 


flowi^f     ••         ••         •*         ••         •• 
Swtdtn,    •»        ••        ••        

»         •*        ••        ••        ••        ••        •• 

»         •*        ••        ••        ••        ••        •" 

w  ••  ••  ••  ••  ••  •• 

B«^i«m*  Gheiit»  Astw^tp^        

0«niMa^^  Btoclthalbdhn,  

Switwriainl^         *•        %»        •• 

i»te  of  Man.  TdlTljs, 

Wttl«^  Festimog,  ••        «•        ••        •• 

DiBOBwick,         ••         ••        •• 

l^naeSi  TkTMtty  IVmlsei^  Oomt^ 

Obmrncntria,  MooUkicoiit         ••         •• 

ThendalnCySAlleiUSoara^  ••        •• 

Sarffinia,  S.  LeonI,         ••        ••        ••        •• 

Mbiit0Mon%    ••  •• 

RoBBSy  JAmff     ••  ••        ••        •• 

TdindoMy  NoTgofody  •  •         •  • 

JanwUf,  Wolojd,         

Britiih  Powinioni,  Qoeenaland,  •• 

South  Anstnlia,  •  • 

West  Anstralui, 
Gape  of  Good  Hope, 

Natal,       

New  Zealand,      •• 
Taamania,  •• 

Eaat  India,  .. 

f»       »  ••        •• 

Cw^iada,      •«        «, 
United  Statea  of  North  America,  ..        [[ 

Avgendn  Repnblie,         ••        ••        ••        .. 

Chili,  Tongrjr^       ••        ••        ••        .,        ,. 

Feni»  ••        ••        ••        ••        •.        ., 

Braill,        

Japaiiy        ••        ••        ••        ••»       ,.        ,^ 

JaTR,  ••  • 

%7pt,  Sndan,      ••        , 


2re' 

618 

2'  6*— r  7* 

78 

B^cr 

179 

3r6— 3'r 

813 

sr  II'— 4'  0" 

133 

3'r 

31 

2' 6* 

14 

S'rClmte.) 

67 

2sr 

8 

2'sr 

14 

S*S'(lmteL) 
S'arOmte.) 
3'S'(lmtB.} 

rr 

S'ramfte.) 

ycr 
arr 

se' 
5'r 
re* 
yc* 
ye- 
s's* 
ye* 

8*  IT  (Imte.) 
4^0* 

srer 

8*  O'— 8*  6* 

3'3r(lmte.) 

^^ 

8'r 

8*  8' (1  mte.)  I 
8'«* 


•  • 


84 

20 

4 

9 

9 

35 

46 

130 

618 

170 

34 

124 

98 

118 

1,174 

121 

789 

27 

1,066 

2,873 

1,598 


141 

140 

86 

552 


Totd,..     10,816 


I 


MU«i 


81 


119 


1,967 


7,951 
2.159 


528 


12,905 


Total 


Xita 


618 


•  • 
703 

31 

14 

148 

8 

14 

•  • 
•« 

58 
•• 
18 

•  • 

•  a 

211 


■  a 


•  ■ 


5,820 

10,324 

3,767 


141 


552 
23,121 


HAJBAHA    TKLOGITIIS   AND   DI60HARGS8.  85 


No.  CCLXL 

DISTRIBUTARY  VELOCITY  AND  DISCHAEQB  TABLES 

FOR  SIDE  SLOPES  OF  1  TO  2- 


CompuJUdfor  the  N.  W.  P.  Irrigation  Department ^  under  euperintendenee 
o/Gapt.  Alx^ah  CoKMniOHAM,  R.E.,  Sony.  FelL  of  King's  Coll  Lon. 

Thbsx  Tables  have  been  computed  iwm.  the  following  data  and  formols :— - 

JData^ —  Pequirgd,^ 

Chaime!,  eartfaen.  A  =s  A  rea  <a  iquare  fut, 

Seetioii,  trapesoidaL  B  =:  Hjdraalic  Mean  Depth  in  feet* 

Side^opeeof  1  to  2,  t^,  ^  hori»mitaL  Y  ^^^Ytlocxtj  in  feet  per  Becand. 

.      u^    .^.,.  .     ^.  STertwal.  liz=zT>\9chaxfstineuhiefeetpereeeond. 

•  =  bed-widlh  tM /etfC  ^  '^  -_. 

rf  =  depth  of  water  in  feet.  ^  =  Coefficient  in  fonanlaV=C^Ei: 

/s  fall  of  channel  in  5.000  feet  in  feet, 

Formmlm  need  in  computation, 

A  =  (6  +  |)*;         B=:-p-j-— — _y 


s/1  +  1-7066R 

1 


//;  D 


/ 


•00008633  +  '^^^^ 


K 

The  fonnnla  for  V  ie  modified  (to  a  form  suited  for  oompntatiaD)  from  one  giren 
in  the  "  Profeaaional  Papers  on  Indian  Engineering",  [First  Series],  Na  CXOVH., 
(bj  the  late  Iieat.-Colonel  J.  C.  Anderson,  &£.)>  ^th  tjrpe  of  Table  L. 

^  =  •00035  (-2488+  -5-) 

SB  tuitahle  for  ekanneU  whose  "  Bed  and  Sides  are  of  earth."    This  formula  is  simplj 
adapted  to  Engliah  measures  from  that  given  by  M.  Bazin  in  his  **  Becherches  Exp^ 
riroentales  sor  1'  6coalement  de  I'ean  dans  les  canaax  d^conyerts." 
The  Coefficient  C  (which  forms  the  last  oolomn  of   the  Tables)  is  simplj  the 

sqnaieroot  of  the  redprocal  of  'OOOSS  f -2438  +  -j^ )»bo that U = C.  ^Rlj whence 
also  

''=^y«-5ofe'^=^-^^ 

[These  Table  bare  been  prepared  throughout  by  two*  independent  computers. 
The  nnmbera  in  the  columns  of  *'  Areas  "  are  exact  The  numbers  in  the  columns  of 
B,  y,  D,  C  were  in  every  case  computed  to  at  least  one,  and  sometimes  three,  more 
decimals  than  are  now  printed  ;  and  the  first  differences  were  examined  by  the  Author 
himself. 

Fh>m  the  regularity  of  these  differences,  it  is  belieyed  that  the  last  figure  does  not 
en  by  more  than  2  in  any  column.  A.  0« 

*  Mr.  A.  HaU  and  B4M  Had  Bliigh. 
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Note  by  Major  W.  JeffrejfB,  B.E. 


Opiviobb  are  diyided  as  to  the  pitch  with  which  the  inner  Blopea  of 
DiBtribntarieB  ahonld  be  made.  In  the  Punjab  a  slope  of  1^  to  1  is 
adopted,  while  in  North  West  Proyinces  1  to  1  is  preferred,  chiefly  for 
economical  reasons.  For  very  light  soils,  the  former  of  these  is  of  conrse 
the  stronger  constmction,  but  an  officer  of  irrigation  experience  is  able  to 
distingnish  between  a  rajbaha  newly  made,  and  one  that  has  settled  down 
into  an  irrigating  line.  Whatever  slope  is  adopted  in  construction,  it  is 
found  that  this  cannot  be  adyantageously  maintained  after  the  channel 
has  been  in  use  for  some  time.  A  distributary  at  the  close  of  an  irriga- 
ting season  inyariably  assumes  the  following  shape,  except  when  the  soil 
is  impregnated  with  reh.    When  the  time  for  clearance  comes  round|  the 


Ordtnajyfull  stippiy 


:^ 


w  (,'»• 


<i 


Engineer  in  charge,  if  he  is  wise,  will  not  attempt  to  restore  the  original 
section  which  is  opposed  to  the  form  that  nature  adopts.  It  is  only  waste 
of  money  to  dig  away  the  long  slopes  which  are  soon  re-  coyered  with  silt, 
while  in  theory  it  does  not  afford  a  maximum  hydraulic  depth  which  it  is 
(he  great  object  to  attain  in  channels  with  low  yelocities.  The  custom 
on  Ganges  Canal  Distributaries  is  to  trim  off  the  slope  at  ^  to  1,  as 
shown  by  thick  dotted  lines  a&,  cd,  in  the  figure;  and  this  in  practice  is 
found  to  conform  more  closely  to  the  ayerage  working  section  than  any 
other.  To  arriye  then  approximately  at  any  thing  like  the  working  re- 
sults, the  discharge  tables  employed  by  the  rajbaha  designer  should  be 
based  on  these  conditions. 

The  forgoing  is  intended  to  explain  the  reason  for  introducing  the 
preBent  set  of  Tables. 

W.J. 
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No.  CCLXIL 


THE  GREAT  CIBCLB  TBACK. 


Bt  Capt.  H.  Wxlbbbfoeob  Clabkb,  B.E. 


Iv  works  on  Spherical  Trigonometiyi  it  is  proTed  tlmt  the  tto  of  a* 
Fig.  1.  Great  Circle  pasBing  through  any  two 

points  is  shorter  than  any  other  arct 
passiDg  through  the  same  two  points, 
on  the  same  sphere. 

This  being  the  oasei  the  shortest  dis- 
tance between  any  two  places  A,  B  on 
the  snrfBce  of  the  earth  is  the  arc  of 
the  Oreat  Circle  intercepted  between 
them. 

Hence,  the  arc  of  a  Great  Circle  is 
the  coarse  which  one  oaght  to  porsney 
whether  trayelling  on  the  OceaD,  on  the  Bailway,  or  on  the  Bead, 

Fig.  2.  nnless  other  considerations^ 

-»sQch  as  cnrrentSy  winds, 
rocks  or  towns,  riTers,— 
render  it  expedient  to  devi- 
ate from  it» 

Unless  one  is  moving 
due  North,  South,  East  or 
West,  the  course  of  the 
Great  Circle  is  one  which 
constantly  changes  its  direc- 
tion, with  regard  to  the 
meridian.  Thus  in  Fig,  2. 
The  arc,  WE,  of  a  Great 

•  A  OfBBt  Cbvds  to  th*  dfcto  dMorfbed  oa  the  mufftce  of  a  qriiere,  bj  t  plane  wliidi  pum 
tkiwgk  Uw  centre  of  tbe  ipbere. 
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Circle,  between  two  places  W  and  K,  cnts  the  meridians  PaPp  P^P,, 
PcP|,  sQCcessiyely  at  an  angle,  eyer  varying. 

The  labour  involyed  in  discoYering  the  angle  at  which  the  arc  of 
the  Great  Circle  cuts  the  meridians  saccessively,  was,  and  is  still,  one  of 
the  chief  reasons  why  this  coarse  is  not  pursued,  when  circumstances  are 
fayourable  to  it. 

It  is  manifest,  however,  that  a  table  or  a  chart  embradng  every  varia- 
tion might  be  made,  by  reference  to  which,  the  angle  could,  at  once,  be 
learned. 

This  has  been  done  by  Mr.  Hugh  Godfray,  in  his  Chart  for  fadlitai- 
ing  Great-Circle-Sailing. 

The  method  which  is  pursued  is  as  follows  :— 

At  the  South  Pole, — for  there,  there  is  the  largest  expanse  of  water, 
— suppose  a  plane  to  be  dropped  touching  the  pole,  and  perpendicular 
to  the  axis  of  the  earth :  the  parallels  of  latitude  will  then,  if  the  eye  be 
isapposed  at  the  earth's  centre,  be  projected,  on  this  plane,  in  circles,  while 
a  great  circle  will,  every  where,  be  a  straight  line. 

This  projection  is  called  Gnomonic ;  it,  e?idently,  suffers  great  distor- 
tion a  few  degrees  distant  from  the  pole. 

Fig.  (1)  represents  the  parallels  of  latitude  thus  projected.  Suppose 
B,  C,  to  be  two  places  on  the  earth's  surface,  projected  on  this  plane ; 
join  BC;  then  the  straight  line  BC  is  the  Great  Circle  track  between  the 
two  places.  It  will  be  observed,  from  an  inspection  of  Fig.  1 ,  that  the 
latitude  of  B  is  15^  while  the  highest  latitude  reached  by  the  straight 
line  is  ^(f  at  N. 

Draw  the  dotted  lines  NP,  BP ;  then  is  BNP  the  projection,  on  the 
plane,  of  the  spherical  triangle,  on  the  surface  of  the  earth. 

Since,  NP  and  BP  are  straight  lines,  on  this  plane,  they  are  arcs  of 
Great  Circles,  on  the  sphere. 

Hence,  in  the  spherical  triangle  (of  which  BNP  is  the  projection) 
right-angled  at  N  we  have  : — 

Supposing  ^  =s  latitude  of  B 
,y         1^  =s  latitude  of  N 

„  0  s  NBP  ss  direction  of  course  BO  to  the*  meridian 

passing  through  B. 

*  The merldifta of  aptooe  U  the  OrMt  Ciiole poniiig  throngh the Zeoitti of  Uie  plaMvidthe 
pole  of  the  earth. 
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By  NApier's  RnleSi 


810  NP  r=  cos  4-  - 0. COS  4*  -  BP  =  Bin 0.  sin  BP 

2     2 

sill  90*  ^  =Bin9.sm90~^  ssginO.coB^ 

.•.•^«=-^ 0% 

from  which  0  may  be  deiennined. 

It  will  be  noticed  that  ^  will  remain  nnchanged.  The  yalae  of  0  depend- 
ing on  the  Talae  of  ^  as  the  ship  B  approaches  N,  coincides  with  N,  or 
moTes  towards  C 

Let  in  Fig  S,P  be  the  pole ;  A,  B  any  two  places  on  the  Great  Oirde 

Fig.  S.  Track,  A  having  the  highest  latitude  ^« 

Let  PA  =s  doZTi 

Let  AB  =s  d  miles  =  ^  degrees. 

Then,  in  the  right-angled  triangle  PAB,  we 

haye:-— 

sinAB  =  tanPA.tan^-.e=scqtip.oote 

.\  sin^=  cot^.cotO (2). 

Thisgiyes  the  connexion  between  the  distance  (from  the  highest 
Fig.  4.  latitude  at  A)  and  the  course  0. 

Thus,  in  Fig.  4,  draw  AB  yer- 

tically  and  N,Kj  perpendicularly 

\'  to  AB ;  then,  if  N,E,  be  drawn 


JO    Hi 
40*  H^ 


0  No 
0    I 


\ 
\ 


\ 


^S 


\ 


il \  1^  where  the  highest  latitude  is  60* 

"^v.  and  we  assume  0  to  haye  a  yalue 

'^x^       of  5  points,  we  obtain  a  yalue  for 

NjEj.  Similarly,  yalues  of  N,K, ; 

NyE,;  &c.,.may  be  obtained. 

A  Line  through  these  points 

giyes  the  curye  for  the  course  0. 

Let  in  Fig.  5,  P  be  the  pole ;  A,  B  two  places  on  Great  Circle  Track, 

Fig»  5.  of  which  A  has  the  highest  latitude  ^. 

p^^  Let  PA  =  90—  if 

Let PB  =s  90-  ^ 

Let  AB  =  (n)  miles  s  ^  degrees. 

Then  sin  90  — PB  =  cos  PA .  cos  AB  =  sin 

i^.cos^ 

•*•    COB  ^  =  sin  0  .  cosec  \p (3). 
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Equation  (8)  detennines  the  distanoe,  at  wbich  the  ''  Latitude  cnrre  ** 
Pig.  6.  0  crossea  the  horizontal  line  ^. 

Thus,  in  Fig.  6,  draw  AB,  yer- 
tically ;  and  N^E,  perpendicular]  j 

^ -7^0     to  it. 

/  Suppose  if»  =  50'  and  ^  =  80. 


00  H^ 


«0*Nt 


30  Hi 


• 


y 

• 
• 


-K, 


el 


Then  NfE«  will  be  determined 
by  equation  8  and  E,  will  be  a 
point  in  the  latitude  curve. 

By  giving  different  valuea  to  ^, 
the  curve  can  be  traced  out. 

The  curves  should  be  worked 
out  for  every  degree. 

Thus,  highest  latitude  t|^  =  90** ;  and  lowest  latitude  ♦  =  20% 

»      1^  =  90'^         n         »  ♦  =  21% 

»      it  =  90°         „         „  ♦=22^ 

and  so  on. 

The  Diagram  is  constructed  by  applying  Fig.  6  to  Fig.  4. 

Then,  supposing  the  highest  latitude  ^  to  be  50°  and  lowest  latitude 
(or  that  of  the  position  of  the  ship)  to  be  80°. 

The  line  EqN,  will  represent  the  course  in  direction  and  length  of  the 
ship. 

And  Fig.  6  being  applied  to  Fig.  4,  this  line  E,N^  will  cut  successively 
the  lines  similar  to  E^  EI,  E,,  in  Fig.  4. 

At  the  points  of  intersection,  the  course  will  be  that  determined  by  the 
value  of  0  for  the  curved  line,  similar  to  Ei  Et  E,  in  Fig.  4. 

It  has  been  observed  that  the  Gnomonic  Projection  becomes  much 
distorted  in  low  latitudes. 

But,  this  is  of  little  importance,  because : — 

(1).  The  Trade-Winds«-to  which  every  method  of  sailing  must  be 
subservient— blow  between  the  parallels  0^  and  25%  on  either  side  of  the 
Equator. 

(2).  The  difference  is  hardly  sensible,  near  the  Equator,  between  the 
Track  by  the  Great  Cirde  and  those  courses  determined  by  Mercator, 
Middle-Latitude,  and  Plane  Sailing. 

At  the  same  time,  it  may  be  remarked,  that  the  point  of  contact,  be- 
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tween  tbe  Plane  and  Ibe  Sphere,  may  be  choaen  in  the  EqnatOTi  or  a  little 
on  one  aide. 

(a).    If  the  point  of  contact  be  in  the  Equator : 

The  meridiana  will  be  represented  as  straight  lines,  and  parallels 
of  Latitade  as  Hyperbolas^ 
(h).    If  the  point  of  contact  be  not  in  the  Eqnator : 

The  meridians  wonld  be  represented  as  conyerging  strught  lines, 
and  the  parallels  of  Latitude  as  Hyperbolas  and  Ellipses. 
For  farther  information  regarding  Gteat-Oirde-Sailing,  the  Beader  ia 
referred  to  a  Chart  and  Diagram  for  facilitating  Graat-Cirole^Sailingy 
—with  Pamphlet  thereon, — by  Hngh  Godfray,  H.  A«,  St  John's  College, 
Cambridge  UniTersity ;  and  published  by  S.  D.  Potter,  81  Poultry,  Lon- 
don, Agent  for  the  Admiralty-Charts. 

By  means  of  F^.  7  we  can,  at  the  expense  of  some  labour,  dispense 
with  the  use  of  the  Gnomonic-Projection, — if  we  are  assured,  that  no 
dangers,  such  as  rocks  or  shoals  lie  in  the  course. 
Let  A,  B  be  two  places,  on  the  surface  of  the  earth. 

Fig  7.  Let  ^  =  latitude  of  A  r=  AN 

♦  ^      „  B  s=  BK 

/  s=  longitude  of  Ai.*.  NE 

I,  s         „         Bj  =  (/,-0- 
Suppose  AB  to  be  an  arc  of  a 
Great  Circle  passing  through  A 
and  B. 

Then  the  arc  AB  is  the  Great- 
Circle-Track  between  the  two 
places. 

Let  a  Great  Circle  pass  through 
A,  outtmg  PE  in  H,  so  that  EH 
s=  NA;  draw  PD  perpendicular 
toAB. 
In  the  A  APH : 
cos  AH  =  cos  AP  .  cos  PH  +  sin  AP  .  sin  PH  .  cos  P, 
=  cos*  AP  +  sin*  AP  .  cos  (/,  —  /) 

cos  AH  s  sin'^  +  oos'f  .  cos  (/,  —  I) (4). 


•  • 
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sin  AH  :  sin  AP  : :  sin  P  :  sin  AHP, 
•••  8^  ^HP  =  Bin  P  .  •^^=  Bin  {I,  -  0  .  ^^ (5). 

In  the  A  ABH : 

oosAB  =  co8BH«cosAH  +  BinBH.sin  AH.oos  AHP  = 
cos  (^'—  0)  cos  AH  +  Bin  (/p^^f) .  sin  AH  •  cos  AELP ...  (6). 

In  Uie  A  APB  : 

sin  AB :  sin  AP  ss  sin  P  :  sin  ABP 

...  sin  ABP  ^  sin  P .  £^  =  (1,^1) .  ^  ...(7). 
In  the  A  PDB : 

sin  PB  :  sin  PD  =  sin  |:  sin  DBP 

.•.  sin  PD  =  sin  PB  X  sin  ABP  =  cos  ^' .  sin  ABP. (8). 

Equation  8  gives  ns  the  ''  highest "  latitude — the  yalae  of  PD. 

Then  by  the  diagranii  the  construction  of  which  has  been  discussed,  the 
course  can  be  laid  down. 

The  Gnomonic-Projection  simplifies  the  calculation  greatly;  and,  at 
the  same  time,  when  not  greatly  distorted,  shows  the  features  of  the  Land 
lying  in  the  course,  which  is  an  important  consideration. 

H.  W.  C. 


(S0itUS9'>>t^4it<<* 


TotkeJBditar. 


DxAB.  Sib,— I  haTe  the  pleasure  to  send  yon  by  dAk,  a  little  Gontrirance  for  the 
^__^_^      speedy  adjustment  of  a  Theodolite  plnmmet  in  a  rertical  direction  over 
a  peg.    I  nsed  it  on  the  Surrey  for  the  Extension  of  the  Punjab 
Northern  State  Railway,  and  fonnd  it  saved  me  a  great  deal  of  time, 
and  am  therefore  led  to  think  it  might  osef nlly  be  made  known  to  others. 
The  ContriTance  only  consLsts  of  a  small  piece  of  brass  with  two  slant- 
ing holes  drilled  through  it    The  plnmmet  string  is  passed  through 
these  two  holes  and  looped  round  and  fastened  to  the  brass  again. 
I  may  remark,  that  it  works  better  if  the  piece  of  brass  chain  and 
I  hook  which  ordinarily  depend  from  the  under  side  of  a  Theodolite  for 

jL  the  purpose  of  suspending  the  plummet,  is  taken  off  and  a  rigid  hook 

W  put  on  in  its  place.    Over  this  the  loop  of  the  string  is  passed  and  the 

W  piece  of  brsss  A  is  mored  up  or  down  with  the  fingers,  according  as  it 

is  desired  to  lower  or  raise  the  plummet.    The  friction  of  the  oord  in 
the  slanting  holes  holds  it  in  any  position. 

Yours  faithfully, 

Fbkd.  M.  Avbbn, 

JSkee,  Unffineer^  Indus  Tuimel  DMHoHf 
Punjab  Northern  State  Railway, 
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DESCRIPTION  OP  MANDI  SUSPENSION  BRIDGE, 

240  FEET  SPAN. 

[ nd€  PlatM  I,  II.,  ni.,  TV.  and  V.] 


By  Likut.  C.  Hosktns,  R.E.,  AssL  Engr»,  Special  duty,  Jfandi. 


This  bridge,  which  has  jast  been  completed,  was  designed  by  F.  Kirby, 
Esq.,  Exec.  Engineer,  M.I.O.E.,  and  erected  by  Lieot.  G.  Hoskyns,  R.E., 
Aflst.  Engineer,  Special  daty,  Handi. 

It  spans  the  Beas,  opposite  the  town  of  Mandi  and  was  much  needed, 
for  during  the  rainy  season,  communication  with  the  right  bank  of  the 
rirer  waiti  almost  entirely  cut  off,  the  ferry  being  unable  to  ply.  The  rirer 
rises  25  feet  aboTe  cold-water-level  when  in  high  flood. 

The  cost  of  this  bridge  has  been  defrayed  by  the  Rajah  of  Mandi. 
'   The  site  selected  is  an  admirable  one.    On  both  sides  the  piers  are 
founded  on  rook,  and  on  both  sides,  above  the  bridge,  large  rocks  jut  out 
into  the  river,  acting  as  natural  breakwaters. 

In  working  out  the  design  one  paramount  obje<^  was  kept  in  view, 
viz.,  rigidity,  as  far  as  practicable.  In  a  Suspension  bridge,  unless  the 
Buperstmcture  ia  so  designed  aa  to  be  strongly  braced  both  vertically  and 
horizontally,  the  lateral  and  undulating  motions  of  the  bridge  would 
expose  it  to  violent  deranging  forces  in  every  direction.  Cases  have  been 
known  of  suspension  bridges  being  completely  wrecked  in  consequence  of 
there  being  no  effective  guards  against  vertical  and  lateral  undulation. 

Calculatiohs — 

Clear  span,  effective,     • .  • .  •  •  . .    240  feet 


„  main  cables,.. 
Breadth  of  roadway,  . . 
Roadway  beams,  •  • 

Venine,  • . 


265  ,. 

10  „ 

3  „     apart 

15  M 
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Calculations.— ( Continued,) 

Dead  load  from  meaanrement,  •  •  .  •  •  •  . .     60  Urns. 

Lire  load  at  80  lbs.  per  square  foot,        •  •  .  •  •  •    85    ,» 

Total  dead  and  liTe  load,       ••  ..  145     ,, 

Strain  at  centre  ^J; .  ?^.J^  =  808  tons. 

Strain  on  cable  at  pier,        • .     =  320   „ 
There  are  12  cables— 

/.  Strain  on  each  cable^         • .      =    26-6  tons. 

The  cables  are  of  steel  wire,  2  inches  diameter,  with  steel  core ;  the 
cable  tested  up  to  137  tons,  (Me  Mr.  Eirkaldy's  experiments,  which  are 
annexed,)  so  that  the  cables  are  strained  np  to  one-sixth  working  load. 

PkUeaLf  IL,  III.,  give  detail  of  superstructure  of  the  bridge. 

It  will  be  observed  from  F^.  2,  PlaU  I.,  that  the  main  cables  are 
pulled  inwards  towards  the  centre  of  the  span.  The  distance  from  centre 
to  centre  of  main  cables  at  piers  is  18  feet.  At  centre  of  the  span  the 
distance  is  14  feet  As  the  weight  of  each  portion  of  each  cable  between 
piers  is  one  ton,  we  hare  a  weight  of  12  tons  pulled  out  of  its  horiaon- 
tal  position  two  feet^  and  this  force  naturally  tends  immensely  towards  the 
rigidity  of  the  bridge. 

It  will  be  also  noticed  that  the  horizontal  bracing  nndemeath  ihe  road- 
way is  proportioned  mneh  ae  a  vertical  girder  of  a  certain  span  would  be, 
viz.,  tiie  braces  inortase  in  aHM  as  they  approach  the  piers. 
.  The  railings,  or  more  correctly  the  vertical  girders,  have  been  given  a 
height  ss  ^  V^spiim,  and  particahr  oare  was  bestowed  upon  the  strength 
and  arrangement  of  joints,  ao  that  they  present  the  maximum  amount 
of  resistance  against  ondnlations  and  lateral  motions. 

Plate  III.  giTCs  the  detail  of  main  saddles  and  of  suspending  saddle.* 
It  was  originally  intended  to  have  had  a  cast*iron  framing  for  pulleys  in 
the  main  saddle,  but  I  found  that  I  could  quarry  8t(»nes  of  excellent 
quality  and  large ;  and,  consequently,  proposed  to  Mr.  Eirby  the  present 
des^n,  vvhich  was  approved  of.    This  arrangement  was  of  course  far 

*  If  tbe  nddlas  b«d  been  arrMiged  as  in  this  fl^re,  to  go  orer  pain  only  of  cablei.  It  would  hara 
been  a  more  economical  and  perfect  method.  A  plate  ehonld  be  placed  at  sncb  interrale  ae  ooael* 
dcred  neoeeeary*  looeely  bolted  to  another  plate  nnder  cables.  .These  platea  xroald  prevent  the  matn 
cables  from  laterally  swaying  in  pairs  and  keep  the  groop  compact.  Bach  pair  of  cables  in  this 
CMS  wonld  carry  a  saddle  at  CTcry  nine  feet.  By  working  in  pairs  in  echelon  the  difficulty  «f  swing- 
ing the  group  of  cablee  to  exactly  the  same  dip  is  oomplbtklt  oreroome,  and  also  the  sise  of 
cables  need  not  be  crer  greater  than  3-inch  diameter  ns  a  maximnm,  the  btr^notb  to  be  gaiueU  by 
additional  pairs,  to  which  there  apiicars  to  be  no  practical  limit. 
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cheaper,  tnd  where  good  stone  is  to  be  foand,  ia  to  be  recommended  in 

prefeieDGetoc«sft^iron  IffMniiig* 

Th«  method  of  fixing  enda  of  railing,  (ae  Plate  IILi)  bHowb  free> 

loDgitadinai  play  to  iho  r^ing,  while  prereniing  the  enda  from  tilting  np. 

It  is  a  modifieaiioQ  of  an  arfmngemeot  ased  by  the  American  Engineera 

foT  tying  down  the  ends  of  railings,  and  yet  allowing  longitudinal  play« 


Descriptum  of  anchorages^  and  method  of  fixing  anchorage  links  and  cables, 

%  2,  Flau  I.y  shows  the  plan  of  tonnels,  and  Plate  II.  showa  the  detail 
of  ndionge  links  and  box  girder. 

The  rock  is  very  hard  bine  aandatone,  and  the  tunnelling  proved  a  very 
Unriooi  and  expensiTe  work. 

^naia  tnnnela  for  anchoragee  are  27  feet  in  length  by  i'^x  d|', 
sod  driren  parallel  to  slope  pertaining  to  the  back  stays  of  main  cables. 
The  rock  was  found  too  hard  to  cut,  and  small  blaata  of  about  6  inches 
in  d^th  were  used.  The  progress  was  on  an  average  abont  1^  to  2  feet 
a  weet 

Tosneb  8'  x  7' were  also  driven  to  conminnicate  with  the  box  girder 
anchor  chamber.  Fortunately  frpm  the  shape  of  the  rock  they  weze  not 
very  long. 

At  first  it  was  intended  to  have  a  caat-iron  anchorage  plate  5'  x  3' 
through  which  the  links  would  pass,  and  be  keyed  up ;  the  idea  being  to 
cat  a  narrow  channel  of  just  sufficient  depth  to  allow  the  links  to  pass 
through  and  abont  7  feet  in  length. 

The  rock  however  waa  too  hard  to  cut  with  the  tools  avulable,  and 
blasts  did  not  admit  of  the  construction  of  a  narrow  channel.  I  proposed 
therefore  to  Hr.  Elirby,  October  1876,  a  box  girder  of  dimensions  given 
in  Plate  II.,  the  links  to  pass  through  the  flanges.  This  was  agreed  to. 
The  girders  were  made  at  Roorkee  and  weighed  22  maunds  each. 

The  links  for  the  anchorage  were  of  the  best  Lowmoor  iron,  and  were 
tested  by  Mr.  Kirkaldy  of  London.  There  are  two  sets  of  links 
14'  X  B*'  X  I*',  connected  by  one  set  4'  x  G''  x  1*  by  steel  pins  4^  inches 
diameter,  as  shown  in  Plate  II. 

The  fixing  of*  anchorage  links  requires  but  little  description :  the  box 
girders  were  first  placed  in  position  in  their  respective  chambers ;  the 
links  were  then  passed  down  the  tunnel  one  by  one;  the  men  in  the 
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chambers  then  passed  the  steel  pin  throagh  the  lower  consecntive  set  of  nine 
links,  and  the  connecting  links.  A  heary  wooden  mallet  was  used  for  this 
work. 

The  remaining  links  were  then  passed  down,  the  second  pin  passed 
through,  and  finally  the  third  pin  was  passed  through  the  head  of  the 
anchorage  links  and  pulleys. 

It  took  about  three  days  to  fix  the  anchorage.  This  was  entirely  owing 
to  the  confined  space  in  the  tunnels.  A  tunnel  3^'  x  4'  giyes  but  little 
elbow  room,  and  a  good  deal  of  manipulating  was  required  to  get  the 
pins  to  pass  through  the  consecutire  set  of  links. 

Plate  II.  also  shows  method  of  fixing  cables  to  anchorages.  Details  of 
clip  are  also  given.  This  clip  as  first  proposed  had  no  side  screws  or 
gun-metal  bush  at  the  bottom.^  The  experiments  made  by  Mr.  Kirkaldy 
showed,  that  with  a  pull  of  80  tons  the  clips  as  first  designed,  followed 
the  twist  of  the  rope. 

The  present  arrangement  has  completely  stopped  this.  The  bush 
offers  more  surface  for  friction  than  a  flat  plate,  and  the  gun-metal 
wedges  at  A,  A,  Plate  II.,  when  screwed  up  tight  preyent  any  tendency  of 
cable  to  flatten,  besides  having  an  immensely  strong  holding  power. 

An  account  of  the  results  of  experiments  made  by  Mr.  Kirkaldy  on 
the  wire  ropes  show  conclnsiTcly  that  the  clip  is  a  most  reliable  join,  for 
in  all  cases  the  cable  broke  clear  of  fastenings. 

The  results  of  experiments  are  herewith  annexed. 
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DKSCRIPTION     or     MANDl    SUBPINSION    BRIDOK,    240    FKKT   BPAN. 


ikJMtracI  of  different  items  of  expenditun  on  the  Mandi  Suspension 

Bridge  Works. 

IBOH  Works. 
a  Stod  wlr»  cftbleB,  2  incbes  duunefter  and  430  feet  long,  ni  Ra.  2;267 


18,136 

72  links,  14'  x  6*  X  T;  72  connectiDg  links, 
VxVxCT;  12  steel  pins,  8*  8*  x  44*  diameter ;  Sateel  keys;  24 

oafr-iron  pnUejB  ;  and  86  washers, •        ••        ••  14,843 

Box  girdeis  for  andiorages,  at  Ri.  844  each •  •  1,376 

Beits,  nats,  stmpii,  suspending  saddles  and  stirmps,  and  spindles  and 

wheels  mun  saddles,     • ••        ••        ••  4,817 

GcNfc  ef  experimeota  on  ropes  and  on  clips  hj  Mr.  Kirkaldy,           •  •  1,820 

Cost  of  cUpe,  160  in  nnmber, 1,900 

MAflomiT. 

Pnrehaae.of  eonntiy  iron,. •        ..        ••        , 1,180 

4S;254  c.  ft  1st  class  conrsed  mbble  masonry,  at  Rs.  28  per  100,    • .  12,951 

5,451  c.  ft  dressed  cornice,  &c.,  at  Rs.  100  per  100,  •  •        •  •        •  •  6,451 

2,665  c  ft  deodar  timber  in  snperstrnctors  at  Rs.  2-2  per  foot,       •  •  6,740 

fixing  anchorages  and  swinging  cables,         ••        ••        ••        ••  605 

TtmBSLUNG  AMD  BULBTIliO. 

112  mnning  feet  of  tnnnel,  8|'  x  8',  at  Rs.  5  per  foot,          •  •        •  •  560 

12    ,»       „              „          6' X  5',  at  Rs.  12  per  foot,         ..         ..  144 

Blaatiag  rock, 700 

Apfifoaclies,          ••         ••        .^        454 

Sudfies, 500 

Ckrriage  of  material  from  Calcutta,  and  from  Rnpar  to  site,  • .         •  •  7,700 

Gsrriage  of  iron-work  from  Roorkee  to  site,    •  •        •  •        • .        •  •  1»171 

EstabUriiment  for  20  months, 1«888 

Total  Rs.,       ..        ..  82,851 


JkscriptioH  of  methods  used  in  Swinging  Cables  and  Superstructure. 

After  having  fixed  tbe  anchorage  links  in  position,  as  described  above, 
^amogemcnta  were  made  for  hauling  the  main  cables  across  tbe  river. 
^Bch  cable  weighed  1^  tons. 
^  ship'!  capatan,  vrbich  was  made  in  the  timber-yard,  was  placed  in  a 
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suitable  position  on  the  right  bank  of  the  river.  A  small  wire  rope  of 
1  inch  diameter  was  passed  across,  having  been  previously  fastened  to 
anchorage  on  the  left  bank.  It  was  hauled  taut  by  means  of  the  capstan 
and  securely  fixed  to  anchorage  on  right  bank.  Its  dip  at  the  centre  was 
not  much  more  than  three  feet. 

A  good  hemp  rope  was  now  passed  across  from  right  bank  and  made 
fast  to  one  of  the  main  wire  2-inch  cable  as  in  Fig.  2,  Plate  lY.  Run- 
ners were  collected  on  the  pier  (A).  As  the  main  cable,  was  hauled  across 
by  the  capstan,  these  runners  were  fixed  at  intervals  of  about  20  to  30  feet. 
Figs.  2,  3,  4,  5,  Plate  IV.,  will  show  the  detail  of  the  runner.  The 
wedge  prevented  the  cable  from  slipping. 

It  took  on  an  average  about  one  hour  to  haul  the  cable  across,  and 
the  remainder  of  the  day  in  passing  it  round  the  pulleys  in  anchorage, 
and  attaching  clips. 

These  runners  answered  admirably,  and  eight  men  at  the  capstan  were 
sufficient. 

When  the  clips  were  screwed  up  and  everything  secure ;  a  man  on 
a  jhula  on  a  spare  wire  rope  was  hauled  across  the  river  from  pier  to 
pier,  striking  out,  as  he  passed  along,  the  wedges  from  the  rnnnen.  The 
cables  then  assumed  a  dip  of  about  6  feet  producing  a  strain  of  5  tons 
from  their  own  weight.  This  sufficed  to  stretch  them  considerably. 
Their  dip  in  centre  increased  some  7  or  8  inches.  After  allowing  the 
cables  to  remain  in  statu  quo  for  six  days,  after  which  their  dip  at  centre 
did  not  increase,  arrangements  were  made,  for  slacking  the  cablet  down  to 
their  permanent  dip,  namely  17  feet  at  centre  of  span. 

As  there  were  six  cables  in  either  group  some  difficulty  presented  itself 
in  getting  them  all  of  the  same  dip.  The  slightest  movement  in  the 
length  of  back  stay  is  exaggerated  some  five  or  six  times  at  the  centre  of 
the  dip.  The  movement  of  ^-ineh  in  back  stay  means  a  rise  or  fall  of  one 
in  the  dip.  At  first  it  appeared  almost  impossible  to  work  with  such 
nicety  with  such  heavy  loads.  Until  the  following  expedient  was  hit 
npon,  which  proved  most  satisfactory. 

A  good  stout  nail  was  passed  through  the  cable  end,  and  by  this  a 
double  headed  screw  was  made  fast,  as  in  Fig.  6,  Plate  IV.,  which  explains 
itself. 

All  the  clips  but  one  were  then  taken  off  the  cable,  and  the  one  remain* 
ing  (a)  being  loosened  only ;  the  wire  'cable  was  relieved  and  the  pull  to 
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icertim  extent  transmitted  to  the  doable-headed  screw,  the  clip  still 

tiking  ft  good  portion  of  the  poll.    By  striking  the  cable  at  (c)  with  a 

ioode&  mailety    and    lengthening   the  double-headed  screw,  the  cable 

gndoftlli  settled  into  its  place.    By  this  method  the  cable  was  under 

ibsolateoontrol,  and  the  rate  of  slackening  was  regulated  entirely  by  the 

^en  the  cable  was  in  position  the  clip  (a)  was  firmly  screwed  up,  the 

Teinumng  clips  were  attached,  the  screw  {b)  disengaged  and  attached  to 

Uie  neii  cable,  and  no  on  in  rotation.     I  was  enabled  by  this  method  to 

get  tbe  dip  of  the  gronp  of  six  cables  exactly  the  same. 

The  mun  cables  before  they  were  loaded,  t.e.,  at  this  stage  were  fixed 

lUdip  of  1^  feet  above  what  was  designed.    From  previous  experience 

I  knew  that  approximately  they  would  come  down  that  amount  when  they 

were  loided.    The  girders  when  made  on  the  ground  were  also  given  a 

cunbei  of  3  feet,  for  I  knew  that  nearly  half  of  it  would  be  lost  in  the 

aettlement  of  cables. 

^ly,  when  the  bridge  was  completed  the  cables  had  come  down 
^Qt  16  inches,  and  the  camber  of  superstructure  remained  1  foot  8  inches 
^  the  centre.  This  is  an  important  point  to  remember  in  these  style  of 
bridges.  Fortunately  I  had  built  a  smaller  bridge  before,  and  had  re- 
"""ked  the  great  settlement. 

^^^  the  two  groups  of  cables  t?ere  in  position,  a  temporary  roadway 

10  net  hroad  was  boomed  out  towards  the  centre  from  either  pier,  as 

follows :--. 

^^  Btttpending  saddles,  with  wires  and  stirrups  complete,  as  in  Fig.  7, 

^  ^*,  were  collected  at  the  piers  of  the  bridge,  having  been  placed 

^0  mam  cables.     The  suspending  wire  was  permanently  leaded  into 

^^  fltirrnp,  and  temporarily  made  fast  to  saddle  by  passing  a  nail 

tlrongh. 

Croeg  beams  with  ends  cut,  as  in  Fig,  8,  Plate  Y.,  were  collected  near 
f*^  The  cut  as  shown  in  this  figure  enabled  the  stirrup  to  swing  into 
'^  pitoe  immediately.  The  booming  out  proceeded  most  rapidly.  When 
^  Cf088  beam  had  been  fixed  into  the  two  stirrups,  two  men,  one  on 
^uiergioQp  of  cables,  pushed  the  saddle  down  the  catenary  thus  booming 
y  m  cross  beam,  over  which  had  been  previously  placed  two  longitu- 
^^  Wks.  The  principal  was  the  same  as  booming  out  in  pontooning, 
^  ^  Was  going  to  say  as  rapid,  for  the  temporary  roadway  was  com- 
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pleted  in  12  hours.  GoDsidering  that  there  were  no  trained  workmen 
this  was  good  going.  Fig,  9,  Plate  Y.,  gives  an  end  view  of  the  tem- 
porary roadway. 

As  the  horizontal  girder  underneath  the  permanent  roadway  had  to 
be  placed  above  the  temporary  roadway,  this  latter  was  swung  at  a  height 
of  about  2  feet  beneath  position  of  horizontal  girder  when  permanently 
placed.     Fig8.  10  and  11,  Plate  V.,  show  this. 

The  booms  of  the  horizontal  girder  were  now  fixed,  working  from  the 
centre  of  span  towards  the  two  piers.  This  work  took  about  four  days. 
Two  more  saw  the  cross  pieces  and  tie-rods  in  position. 

The  horizontal  girder  complete  in  position ;  the  cross  transoms  were 
placed  on  it  in  their  permanent  position,  commencing  as  usual  at  the  centre. 
These  transoms  were  raised  above  the  girder  booms  about  1  inch  by 
wedges. 

Now  commenced  the  work  of  permanently  fixing  the  suspending  wires, 
and  relieving  the  temporary  roadway  of  its  snpercumbent  load.  Fig.  12, 
Plate  v.,  will  explain  this.  Here  the  reader  may  observe  that  the  lower 
boom  of  railing  has  been  placed  above  the  cross  transoms  and  that  large 
bolts  (6),  {b)  have  been  fixed,  so  as  to  take  all  the  weight  of  the  horizontal 
girder  beneath.  Having  proceeded  thus  far,  the  suspending  wires  which 
were  attached  to  the  cross  transoms  were  tautened  and  then  run  in  with 
lead  with  the  saddles,  as  follows : — 

Long  |-inch  bolts  were  passed  through  the  holes  in  saddles  and  its 
plate  attached  to  it,  (see  Fig.  18,  Plate  V.)  The  wire  rope  was  then 
clipped  with  two  plates  screwed  together  (see  Fig,  14,  Plate  V.)  The 
nuts  of  the  |-inch  bolts  were  then  screwed  up,  raising  the  plate  and  with 
it  the  clip  and  wire  rope.  The  end  of  wire  rope  was  then  opened  out,  as 
in  Fig.  15,  Plate  Y.  A  small  conical  wedge  placed  m  hole  in  saddle  and 
the  whole  run  on  with  lead. 

When  the  long  bolts  were  put  through  suspending  saddles  to  tauten 
suspending  wires,  the  heads  were  downwards,  and  nuts  above.  This  was 
found  the  most  convenient  as  the  workmen  then  sat  on  the  main  cables 
screwed  the  wire  up  as  taut  as  could  be,  then  opened  out  the  rope  and 
permanently  leaded  the  end  in.  After  this  was  done  the  ends  bolts  were 
unscrewed,  and  the  proper  bolts  for  the  underneath  plate  attached,  heads 
downwards  as  in  Fig,  15. 

Before  finally  fixing  a  saddle  the  wire  was  leaded  in  a  little  lower  down 
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than  the  permanent  position.  The  saddle  was  then  strnck  np  the  slope 
with  a  heayy  wooden  mallet  until  it  was  absolutely  rertical,  which  was 
detennined  with  the  plumb-bob.  The  under  plate  was  then  screwed  np 
tight,  and  the  saddle  permanently  fixed. 

The  wedges  which  kept  the  cross  transoms  and  booms  of  horizontal 
girder  apart  were  now  struck  out  and  these  booms  were  screwed  up  by 
means  of  the  screws  on  the  bolts  b^  (see  Fig.  12,  Plate  V.)  The  object 
of  the  wedges  may  not  at  first  sight  be  understood.  It  was  found  that 
the  cross-section  of  horizontal  girder  was  not  perfectly  lerel.  By  meana 
of  these  wedges  the  cross  transoms  were  levelled,  and  the  horizontal 
girder  was  afterwards  screwed  up  to  its  proper  position.  When  the  tem- 
porary roadway  had  been  relieved  of  its  superincumbent  weight,  its  sus- 
pending wires  were  loosened,  by  striking  out  the  nail  above  saddle,  and  the 
pieces  fell  into  the  river ;  men  being  in  readiness  on  *  derayea '  to  drag 
the  timber  to  the  banks. 

I  need  not  observe  that  all  the  superstructure  was  framed  and  fitted 
(exactly  as  it  would  be  on  the  bridge)  on  the  ground,  and  that  therefore 
the  fixing  of  railing  and  flooring  was  merely  fitting,  and  requires  no  des* 
cription. 

The  first  cable  waa  swung  on  the  2l8t  August ;  the  temporary  road- 
way thrown  across  on  the  22nd  September ;  the  horizontal  girder  fixed  in 
position  six  days  after  that ;  and  the  bridge  completed  on  the  14th  Nov- 
ember. 


Notes  on  Carriage  oj  Steel  Cables  and  Ironwork  for  the  Mandi  Suspen- 
sion Bridge^  yi&  Rupar^  Kalahhand^  Belaspur,  Suket,  Mandi.    Distant 
65  miles. 
The  material  for  the  Mandi  Suspension  Bridge  arrived  at  Bnpar  during 

the  first  week  in  June. 

It  consbted  of  12  steel  wire  cables  2  inches  in  diameter  each  430  feet 

long  and  weighing  42  maunds,  of  72  wrought-iron  links  14'  x  6'  x  1", 

weighing  each  4^  maunds,  and  of  other  smaller  pieces. 

The  total  weight  to  be  carried  from  Rupar  to  Mandi,  distant  some  65 

miles  over  bad  hill  roads,  was 

12cables, 504  mds. 

Wronght-iron  work,       500     ,, 

Total,        ..        ..    1,004     „ 
Speaking  roundly,  loads  for  2,000  men. 
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The  method  of  the  carriage  of  ironwork  needs  no  comment,  that  of  the 
cables  however  presented  some  difficulties.  The  cables  haying  been  placed 
on  an  improvised  dram  previous  to  nncoih'ng,  were  unwound  to  their 
full  length.  They  at  first  rebounded  much  like  a  watch  spring,  after 
being  kept  taut  for  some  little  time  the  cable  was  doubled  on  itself  and 
bamboos  were  fastened  at  every  10  feet. 


i 
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thus  providing  for  84  men,  each  man  having  a  load  of  20  seers.  The 
total  length  of  load  as  carried  was  215  feet. 

From  Rnpar  to  the  foot  of  the  hills,  distant  some  18  miles,  the  men 
experienced  no  difficulty  with  their  load,  and  accomplished  the  distance  in 
two  days. 

From  the  foot  of  the  hills  to  the  top  of  the  pass,  distant  some  6  milesy 
the  cables  were  on  an  average  carried  in  one  day.  The  ascent,  though  in 
some  places  sharp  is  fairly  straight,  and  presented  no  difficulties  in  the 
carriage. 

From  the  top  of  the  pass  on  to  Belaspur  the  road  is  very  bad  and  tor- 
tuous. The  zig-zags  are  very  sharp,  and  here  considerable  difficulty  was 
experienced.  It  was  found  necessary  to  place  men  at  each  angle  of  the 
zig-zag  to  help  the  men  round  with  their  load.  On  an  average  three  days 
were  taken  between  Kalakhand  and  Belaspur,  distant  about  16  miles. 

There  was  not  the  slightest  tendency  for  the  cables  to  kink.  In 
fact  carried  as  they  were  it  was  perfectly  impossible  for  them  to  do  so. 
To  kink,  a  cable  must  turn  over  on  itself,  and  with  men  at  every  10  feet, 
however  slvirp  the  zig-zag,  this  could  not  possibly  happen. 

From  Belaspur  to  Mandi,  the  road  is  fairly  level  and  good,  and  the 
rate  of  progress  was  on  an  average  somewhat  under  two  days  per  stage 
of  10  miles.  No  difficulty  was  experienced  in  crossing  the  Sntlej  at  the 
Debar  ferry. 

The  total  time  taken  for  carriage  of  material  to  Mandi  was  two 
months.  This  of  course  does  not  represent  actual  going.  Much  time 
was  necessarily  expended  in  collecting  coolies.  Two  thousand  men  are 
not  massed  in  a  day,  and  without  the  active  assistance  received  from  the 
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Rajfth's  of  Nalagarfa,  Belaspur,  Buket,  and  Mandi,  I  Bhoold  ha?e  failed 
in  commanding  laboar. 

The  oust  of  carriage  of  1,004  maunds  from  Bnpar  to  Mandi  was  Ba. 
4,200,  coolies  receiTing  4  annas  per  stage. 

The  chief  difficulty  in  the  transport  of  a  load  like  a  long  cable,  lies  in 
the  management  of  the  men  themselves.  Two  or  three  men  who  choose  to 
obstract,  can  do  so  most  effectually,  entirely  stopping  progress,  and  this 
is  exactly  what  happened. 

The  difficulty  was  in  a  great  measure  overcome,  however,  by  having  a 
few  spare  men  at  hand  who  replaced  the  obstructives,  these  latter  securing 
nothing  for  any  work  they  may  have  done. 

This  they  did  not  like  for  they  found  that  sulking  did  not  pay. 


NqU%  on  Carriage  of  Steel  Cables  and  Ironwork  for  the  Kulu  Suspension 
Bridge  300  feet  span,  via  Rupar,  Kalakhand,  Belaspur,  Mandi, 

The  main  cables  for  the  Kulu  bridge  arrived  at  Rnpar  in  May. 

Each  cable  is  500  feet  in  length  and  72  maunds  in  weight.  An 
attempt  was  made  to  carry  these  cables  intact.  One  was  so  carried  for 
nearly  40  miles,  and  another  about  18  miles,  but  the  cost  proved  pro- 
hibitive, as  will  be  shown  hereafter. 

The  cable  was  at  first  stretched  out  to  its  full  length,  and  judging 
by  the  weight  140  men  were  at  first  provided  for  by  fastening  bamboos 
at  regpilar  intervals.  These  however  could  make  no  way,  the  cable  got  a 
swing  on,  and  the  men  with  difficulty  kept  their  feet.  Finally  240  men 
carried  the  cable  off,  and  along  the  level  road  to  the  foot  of  the  hills  pro- 
gressed at  the  rate  of  five  miles  a  day. 

From  Kalakhand  to  Belaspur  the  road  ascends  some  4,000  feet  to 
descend  again,  the  distance  is  some  16  miles.  Here  great  difficulty  was 
experienced,  the  progress  being  perhaps  at  the  rate  of  two  miles  a  day. 

At  each  turn  of  the  road,  as  in  the  case  of  the  Mandi  cable,  men 
were  placed  to  help  round  the  cable  and  finally  Belaspur  was  reached,  a 
week  having  been  spent  in  the  16  miles  between  Kalakhand  and  Belas- 
pur. 

From  the  above  results  it  was  evident  that  the  cost  of  carriage  of 
cable  intact  was  prohibitive,  and  arrangements  are  in  hand  for  cutting 
the  cable  and  joining. 
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The  experience  gained  shows  that  wire  cables  np  to  2  inches  diameter, 
and  from  4  to  5  hundred  feet  in  length,  can  be  carried,  without  much 
difficulty  at  a  fair  rate  of  progress,  over  bad  and  tortuous  hill  roads. 

The  progress  in  the  case  of  the  Mandi  2 -inch  cables  was  good  connder- 
ing  everything.  Each  man  carried  an  average  load,  and  no  advantage 
would  have  accrued  in  cutting  and  carrying  smaller  bulks  of  cable. 

And  it  appears  that  it  does  not  pay  to  carfy  wire  cables  of  a  greater 
thickness  than  2  inches  diameter.  The  carriage  of  the  Kuln  cable,  3-inch 
diameter,  500  feet  long  and  72  maunds  in  weight,  over  some  40  miles  of 
bad  hill  road,  shows  that  a  cable  of  great  weight  and  thickness  can  be 
carried,  but  that  it  does  not  pay  to  do  so.  The  number  of  men  required 
for  the  3-inch  cable  increased  inversely  as  the  rate  of  progress. 

In  designs  for  suspension  bridges  in  the  hills,  wire  cables  of  grater 
thickness  than  2  inches  diameter  should  not  be  used.  The  required 
strength  must  be  supplied  by  numbers  not  by  increasing  the  thickness 
of  cable. 

C.  H. 
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No.  CCLXIV. 


NOTE  ON  COAL  IN  THE  SEWALIK  HILLS. 


Bt  Muerat  Thomson,  M.D.,  F.R.S.E. 


It  has  been  known  for  many  years  that  small  deposits  of  coal,  or  rather 
lignite,  occur  here  and  there  among  the  sandstones  of  the  Sewalik  Hills. 
If  this  mineral  can  be  obtained  in  sufficient  quantity  to  repay  the  working 
and  carriage  of  it,  it  will  be  valuable  as  a  fuel,  whether  its  nature  be  that 
of  a  true  coal  or  a  lignite. 

I  haye  lately  examined  some  samples  of  this  lignite  at  the  request  of 
the  Secretary  to  the  Qoyernment,  N.  W.  Provinces,  in  the  Department 
of  Public  Works,  and  as  I  haye  not  mot  with  any  published  statement  of 
the  composition  of  the  mineral,  it  might  be  as  well  to  put  on  record  the 
results  of  my  experiments  on  the  samples  sent  to  me. 

The  aamples  which  I  examined  were  found  by  Mr.  Marten  of  the 
Forest  Bnryey  Department.  The  foUowing  Table  giyes  the  sites  from 
which  they  were  taken,  along  with  their  composition  per  cent. :— 


P-lan  or  site  from  which  the  lunple  wu  derlTed. 

Fixed 
evbon. 

ToUttle 
matter. 

AMh. 

1.    SabennRao, 

89-69 

89-78 

20-58 

S.    Habii  blanch  of  Sahensa  Rao, 

58-78 

16*05 

80*17 

8.    Chnmari  Sont  branch  of  Sahensa  Rao, 

4512 

89*05 

15*88 

4.    KotriRao,  ••            ••            ••            ••            •• 

88-98 

42-70 

18-82 

5.    Sb&bjab&npiir  Bao,   ••            ••            ••            •• 

48-28 

47*62 

410 

All  the  samples,  except  No.  2,  compare  well  with  Indian  Coals  gene- 
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rally,  and  No.  5  might  be  ccnsidered  excellent  fuel,  on  account  of  its 
freedom  from  ash.  Howeyer,  regarding  the  saitability  of  these  lignites 
for  fnel,  the  composition  of  them  is  somewhat  misleading.  The  Tolatile 
matter,  which  exists  in  common  coal  as  bitumen,  is  different  in  these 
lignites  :  they  never  cake  daring  combastion^  and  the  amount  of  inflam- 
mable gas  they  give  out  is  rery  small.  This  preyenis  them  burning 
readily,  and  for  complete  combustion  they  require  a  strong  draught.  This 
difficulty  of  burning  is  also  caused  by  the  want  of  coherence  of  the 
lignite.  They  crumble  to  pieces  yery  easily :  this  would  lead  to  great 
waste  in  extracting  the  lignite  from  its  bed,  as  also  in  carrying  and  using 
it.  The  results  of  my  experiments  do  not  foster  high  hopes  as  to  the 
usefulness  of  these  lignites  as  a  fuel. 

I  know  nothing  myself  as  to  the  thickness  or  extent  of  the  beds  but  they 
haye  been  well  examined  by  a  yery  competent  authority,  Mr.  H.  B.  Med- 
licott,  who  remarks  on  them  :  "  I  haye  seen  a  great  deal  of  these  rocks, 
and  I  think  that  the  prospect  of  a  useful  deposit  of  coal  being  found  in 
them  is  yery  unpromising.  The  nests  and  strings  of  lignite  that  occur, 
sometimes  close  together,  in  the  sandstones  are  manifestly  the  remains  of 
isolated  trunks  and  roots  of  trees  which  were  rolled  or  floated  into  these 
positions  and  became  buried  in  the  sand.  There  is,  of  course,  the  chance 
of  a  local  accumulation  of  such  matter,  but  this  has  not  been  the  mode  of 
origin  of  useful  ooal  seams."* 

M.  T. 


*  If  emoln  of  th«  Qeological  Surrey  of  IndU,  Vol.  III.,  Part  3,  page  180.  Oaologieal  8tniotar«, 
ho.,  of  Soathem  Himalayai,  by  H.  B.  Medlloott,  B.A.,  F.O.S.,  now  Director  of  tha  Oaologloal 
Snrr^  of  India. 
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FESTINIOQ  LIGHT  RAILWAY. 


Copy  of  a  letter  from  GaiLPOBD  L.  MotEswoRTH,  Esq.,  Director 
of  Public  JTorke,  Ceylon,  to  the  Right  Eon*ble  the  Secy,  of  State 
for  the  Coloniee. 

London,  March  24th,  1871. 

Mt  Lord, — In  accordance  with  the  snggestions  of  Sir  James  Elphinstone, 
I  haye  Tisited  the  Festiniog  Railway,  and  have  now  the  honour  of  laying 
before  you  my  yiews  respecting  it. 

I  haye  already  reported  at  some  length  to  the  Goyemment  of  Ceylon 
oa  the  subject  of  light  railways ;  and,  as  my  yisit  to  Festiniog  has  not 
materially  altered  the  opinions  I  then  expressed,  my  Report  will,  to  a 
great  extent,  consist  of  a  repetition  of  those  yiews. 

The  Festiniog  line  was  originally  opened  as  a  horse  tramway  or  railway 
for  the  purpose  of  connecting  a  large  gproop  of  slate  quarries  with  Port- 
madocy  the  nearest  harbour.  The  length  of  the  line  is  about  18^  miles, 
with  a  branch  of  a  mile  in  length  making  a  total  of  about  14^  miles ;  it 
passes  through  a  rough  country,  but  the  curyes  enable  it  in  most  parts 
to  keep  tolerably  close  to  the  contoar  of  the  hills,  and  to  ayoid  heayy 
works,  except  here  and  there ;  there  are  howeyer  two  tunnels  unlined  of 
60  and  700  yards  respectiyely,  and  some  heayy  rock  cuttings  and  em- 
bankments. The  terminus  of  the  main  line  is  about  800  feet  aboye  the  leyel 
of  the  sea;  the  ayerage  gradient  is  about  1  in  90,  and  the  maximum 
gradient  (with  the  exception  of  a  short  and  unimportant  portion  at  the 
top)  is  about  1  in  80 ;  practically,  the  line  may  be  said  to  consist  of  one 
continuous  descending  gradient  of  1  in  90  for  12i  miles,  with  about  a 
mile  of  leyel  at  the  end  nearest  to  the  shipping  port.  The  trafiSo  on  the 
railway  is  about  140,000  tons  annually,  of  which  about  90  per  cent,  is 
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slate,  the  rest  almost  entirely  of  coal  and  lime.  There  is  also  a  passen- 
ger traffic  of  ahout  90,000  or  100,000  passengers  per  annum,  chieflj 
composed  of  workmen  or  others  connected  with  the  slate  quarries. 

The  line  was  for  thirty  years  worked  by  horses,  which  drew  the  empty 
trucks  up  the  gradient,  and  were  themselves  in  their  turn  brought  down 
with  the  loaded  train  in  trucks  specially  constructed  to  carry  them,  as  the 
gradient  is  sufficient  to  enable  the  loaded  trains  to  descend  by  their  own 
weight  without  any  motive  power. 

About  the  year  1863  the  use  of  horses  was  ahandoned,  and  a  sum  of 
£50,000  was  expended  out  of  the  revenue  of  the  railway  in  improving  it 
and  rendering  it  suitable  for  locomotives. 

The  total  cost  of  the  line  is  said  to  have  been  about  £87,000,  inclnding 
the  cost  of  rolling  stock,  or  about  £6,000  per  mile. 

The  land  through  which  the  line  passes  is  comparatively  valueless,  and 
the  railway  has  been  free  from  the  ruinous  expenses  of  a  parliamentary 
opposition  which  have  added  so  much  to  the  burden  of  ihe  majority  of 
English  lines. 

The  railway  is  a  single  line  with  a  gauge  of  2  feet,*  and  with  crossing 
aidings  about  16  or  18  chains  long  at  intervals. 

The  sharpest  curves  are  If  chains,  or  115  feet  radius. 

The  formation  width  is  8  feet  in  cutting  and  10  feet  in  embankment. 
The  fencing  is  chiefly  of  dry  stone  walling,  for  which  the  natural  cleavage 
of  the  rock  (in  laminated  strata  with  fine  beds)  offers  great  facilities. 

The  culverts  and  smaller  works  are  also  of  dry  masonry,  but  the  ma- 
sonry of  the  bridges  and  larger  works  is  set  in  mortar.  The  natural 
cleavage  being  favourable  for  the  construction  of  cheap  masonry,  and 
indeed  in  many  cases  walling  has  been  adopted  for  the  retention  of  the 
embankments,  in  preference  to  the  adoption  of  slopes. 

The  permanent  way  is  formed  of  double-headed  rails,  weighing  48  lbs.| 
to  the  yard,  fished  and  laid  with  cast-iron  chairs  on  transverse  sleepers, 
9  inches  by  4^  inches,  and  4  feet  6  inches  long.  The  distance  of  the 
sleepers  is  3  feet  apart,  but  less  at  the  joints. 

The  rolling  stock  is  of  very  simple  character.  The  buffers  are  central, 
and  about  1  foot  8  inches  above  the  level  of  the  rails.  The  coupling  ia 
also  central ;  the  wheels  are  1  foot  6  inches  diameter,  with  journals  aboat 

*  1  foot  11|  inches  actually. 

t  I  b«U«T«  tbeM  hare  sinoa  been  replaced  by  raila  weighing  abont  60  tte.  per  yard.— a.  L.  M. 
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4  inches  long,  working  in  white  metal  bearings.  The  wheels  are  of  oast* 
iron,  with  wronght-iron  tires,  and  there  are  also  some  wronght-iron  wheels ; 
bat  these  are  faalty  in  design. 

The  tracks  weigh  aboat  1  ton  each,  the  greater  namber  being  designed 
with  open-barred  sides  for  slates ;  they  have  a  wheel  base  of  aboat  8  feet, 
and  a  capacity  of  aboat  45  cubic  feet;  they  have  no  springs,  and  the 
brackets  carrying  the  bearings  for  the  joamals  are  of  cast-iron,  bolted 
on  to  the  frames. 

The  carriages  are  bailt  by  Messrs.  Brown,  Marshall,  and  Oo.,  and  are 
well  and  snbstantially  made ;  they  haye  a  wheel  base  of  aboat  5  feet 
6  inches,  and  are  furnished  with  central  spring  buffers,  springs,  and  axle- 
boxes,  working  in  axle  gaards  in  the  nsaal  manner.  The  passengers  sit 
back  to  back,  with  their  sides  in  the  direction  of  the  line ;  and  the  floor- 
ing of  the  carriages  orerhanging  the  wheels  is  within  a  few  inches  of  the 
level  of  the  rails. 

The  internal  dimensions  of  the  carriages  are  about  10  feet  long  by 
6  feet  3  inches  wide ;  they  weigh  about  1^  tons,  and  are  intended  to 
carry  twelre  first  class,  or  fourteen  second  and  third  class  passengers* 
giving  a  width  of  1  foot  8  inches  for  first  class,  and  1  foot  5  inches  for 
second  and  third  class,  passengers. 

There  are  two  classes  of  engines  employed  for  working  the  line — 

Single  locomotives,  with  4  coupled  wheels  of  2  feet  diameter,  8:^-inch 
cylinders,  12-inch  stroke,  5  feet  wheel  base,  and  about  10  tons  weight. 

A  double  bogie  engine  on  Mr.  Fairlie's  principle,  with  four  cylinders,  each 
8-^  inches  diameter,  and  two  sets  of  4-inch  coupled  wheels,  2  feet  4  inches 
diameter;  stroke,  13  inches;  wheel  base  of  each  bogie,  5  feet;  total 
wheel  base,  19  feet;  pressure  of  steam,  160  lbs.  per  square  inch;  total 
weight  of  engine,  19|  tons. 

The  latter  was  not  working  when  I  visited  the  railway.  The  single 
engines  are  capable  of  taking  a  load  of  about  forty-five  empty  tracks, 
with  break  van,  and  three  or  fonr  passenger  carriages  (or  a  total  load  of 
from  50  to  60  tons  up  the  line).  There  are  no  stations  to  speak  of,  and 
BO  platforms  are  required  for  the  carriages,  the  wayside  stations  conust- 
ing  merely  of  a  crossing,  siding,  and  a  hut,  to  serve  as  booking-office  and 
waiting-room. 

The  slates  are  loaded  at  the  quarries  and  unloaded  at  the  port  by  agents 
of  the  respective  quarries,  and  not  by  the  Company's  servants. 
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The  desoription  above  given  comprises  the  leading  features  and  details 
of  this  interesting  little  railway,  which  reflects  great  credit  upon  all  con- 
cerned in  it,  and  shows  what  it  is  possible  to  do  on  so  narrow  a  goago. 
The  plan  of  central  baffing  and  coupling  is  one  that  has  long  been  con- 
sidered a  desideratum  with  engineers,  but  there  has  been  a  difficulty  in 
introducing  it  on  English  railways  without  confusion  and  considerable 
expense.  I  consider  it  a  great  improvement  on  the  system  of  double 
buffers,  especially  on  a  railway  abounding  in  curves. 

An  attempt  has  been  made,  by  the  publication  of  a  series  of  plausible 
letters  in  the  *'  Times,"  about  the  beginning  of  last  year,  to  give  to  lines 
of  this  character  an  undue  importance.  These  letters,  though  useful  in 
calling  attention  to  the  subject,  have  exercised  a  somewhat  mischievona 
influence  by  giving  a  fictitious  colour  to  facts  which  need  no  such  misie- 
presentations  to  commend  themselves';  and,  as  this  influence  has  been  wide- 
spread, it  becomes  necessary  that  the  true  facts  of  the  case  should  be 
known. 

The  advantages  thus  claimed  for  the  Festiniog  Railway  may  be  briefly 
summed  up  as  follows : — 

Its  working  expenses  are  only  44^  per  cent  of  its  receipts,  whereas  in 
English  lines  of  ordinary  gauge  they  average  48  per  cent. 

It  yields  an  interest  of  29^  per  cent,  on  the  original  capital,  whereas 
ordinary  lines  yield  only  from  6  per  cent,  to  nil. 

The  dead  load  on  the  Festiniog  Railway  is  only  one- third  of  the  weight 
carried,  whilst  on  the  ordinary  gauge  the  dead  weight  for  similar  freights 
is  more  than  half  the  weight  of  freight. 

On  the  English  lines  of  ordinary  gauge  the  dead  load  carried  for  each 
passenger  is  a  ton,  or  even  more,  whilst  on  the  Festiniog  system  it  may 
be  reduced  to  5  cwt. 

The  exceptionally  narrow  gauge  effects  a  very  large  saving  in  first  cons- 
traction. 

The  loads  being  comparatively  light,  there  is  an  immense  saving  in  wear 
and  tear. 

These  conclusions,  though  apparently  based  on  statistics,  were  so  much 
at  variance  with  the  results  of  my  own  experience,  that  before  I  could 
adopt  them,  I  deemed  it  necessary  to  analyze  the  facts  carefully,  to  as- 
certain whether  there  were  any  exceptional  circumstances  connected  with 
the  Festiniog  Railway,  or  whether  the  advantages  above  olaimed  were 


PC8TIMI00   LIGHT   RAILWAY.  5 

wholly  and  solely  dae  to  the  adoption  of  the  2-foot  gange.    The  first 
point  which  stmck  my  attention  was  the  fact  that,  notwithstanding  the 
sdvantages  claimed  for  the  system,  the  expenditure  per  train  mile  was 
nearly  doable  that  of  the  average  of  English  railways,  and  more  than 
three  Umes  as  much  as  that  of  some  of  the  Irish  railways,  on  which  the 
rales  of  labour  would  probably  more  nearly  resemble  those  of  a  remote 
Welsh  district  like  Festiniog.    The  features  that  appear  to  be  chiefly  ex- 
ceptional on  the  Festiniog  Railway  are — 

That  the  traffic  almost  exclusirely  consists  of  slates  ;  that  the  rate 
charged  for  freight  is  at  least  double  the  rates  of  ordinary  railways  ; 

That  the  traffic  is  almost  entirely  down  hill,  on  easy  gradients  requir- 
ing power  for  little  more  than  the  haulage  of  the  empty  trucks  back 
again,  and  that  this  circumstance  has  enabled  the  traffic  to  be  worked  with 
remuneratiTe  resalt  by  horses  alone. 

Now  let  OS  see  now  how  these  facts  affect  a  comparison  with  English 
trains  of  the  ordinary  gauge. 

I  will  take  the  advantages  claimed  for  the  Festiniog  Railway  ieriatim 
in  the  order  in  which  I  have  given  them  above. 

1.  The  working  expenses  are  stated  to  be  44^  per  cent,  of  the  receipts, 
but  on  examination  of  the  Financial  Statement  for  the  year  ended  June  1869, 
I  find  that  the  receipts  amounted  to  £23,696,  whilst  the  actual  expen- 
diture has  been  £l  3,058,  so  that  the  actual  expenditure  has  amounted  to  55 
per  cent,  of  the  receipts,  certain  deductions  having  been  made  from  the 
actual  expenditure  before  instituting  the  comparison  with  other  railways. 

Now  I  suppose  that  no  deduction  of  this  kind  has  been  made  from  any 
of  the  English  railways  with  which  it  has  been  compared,  thongh,  of 
course,  the  expenditure  of  all  railways  will  be  subject  to  charges  of  a 
character  which  might  be  excluded  from  "working  expenses"  in  the 
strict  sense  of  the  term. 

How  far  such  deductions  are  fair  it  is  impossible  for  me  to  say,  but  I 
certainly  observe  in  the  statement  items  which,  in  my  opinion,  cannot 
fairly  be  deducted  from  working  expenses;  for  instance,  tonnage  for 
right  of  way,  which  would  in  ordinary  railway  accounts  be  debited  to 
rent,  and  form  a  portion  of  the  working  expenses.  Again, ''  rebate  "  (or 
remission  of  a  part  of  the  receipts  to  the  freighter)  which  if  deducted 
from  the  working  expenses  should  in  all  fairness  be  also  deducted  from 
the  receipts  in  forming  a  comparison  between  the  receipts  and  expenses. 
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Waving,  however,  these  objections,  and  assuming  for  the  sake  of  argument 
that  44|  per  cent,  is  the  fair  proportion,  let  us  enter  into  a  fair  compa- 
rison between  this  and  48  per  cent,  of  the  English  railways  (on  some  of 
the  Irish  railways  it  is  39  and  33  per  cent.,  and  in  one  case  as  low  as  31 
per  cent.) 

The  Festiniog  Railway  being  a  small  line  to  a  number  of  slate  quarries 
has  practically  a  monopoly  of  the  traffic,  consequently  it  can  charge  for 
transport  rates  higher  than  those  charged  by  the  majority  of  English 
lines  which  are  in  keen  competition  with  each  other.  The  charge  for 
slate  is  2^d.  per  ton  per  mile,  and  2|d.  for  other  traffic,  which  may  be 
said  to  be  almost  entirely  mineral,  being  of  coal  and  lime.  Now  the 
mineral  rates  charged  on  the  ordinary  English  lines  vary  from  ^.  to  Id. 
per  ton  per  mile,  or  less  than  half  the  rates  charged  on  the  Festiniog 
Railway  (in  one  case  within  my  knowledge  ^e  rate  for  minerals  scarcely 
exceeds  one-fourth  of  the  Festiniog  rate,  and  that  subject  to  rebate).  It 
is  true  that,  on  the  average  of  English  lines,  the  distance  is  greater  than 
on  the  Festiniog  line,  and  that  the  terminal  expenses  or  cost  of  loading 
would  not  be  spread  over  so  many  miles,  but  on  the  other  hand,  neither 
the  loading  nor  the  unloading  of  slates  on  the  Festiniog  Railway  is  un- 
dertaken by  the  Company's  servants,  but  by  the  agents  of  the  different 
quarry  owners,  who  are  the  freighters,  so  that  there  are  no  terminal  ex- 
penses to  speak  of. 

For  simplifying  the  question,  however,  I  will  assume  that  the  rates  of 
freight  are  double  those  ordinarily  charged,  though  three  times  would  be 
probably  nearer  the  mark. 

Now,  it  is  clear  that  whatever  may  be  charged  to  the  freighters,  the 
amount  of  that  rate  can  exercise  no  influence  oh  the  working  expenses, 
which  must  remain  the  same  whether  the  rate  charged  be  2^d.,  or  Sd., 
or  Id.f  or  ^d. 

Suppose  then,  for  the  sake  of  fair  comparison,  that  we  take  the  same 
rates  as  those  of  other  railways,  which  I  assume  to  be  half  those  of  the 
Festiniog  Railway,  the  receipts  will  be  reduced  to  one-half,  whilst  the 
working  expenses  remain  the  same ;  so  that  the  proportion  of  working 
expenses  immediately  amounts  up  to  89  per  cent,  of  the  receipts ;  or  if  we 
take  the  total  expenditure,  we  have  a  proportion  of  110  per  cent,  or  an 
expenditure  exceeding  the  receipts. 

2.    To  deal  with  the  fact  that  the  Festiniog  Line  yields  29|  per  cent. 
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iDiereet  on   its  original  capiUl,  I  will  not  stop  to  inquire  how  far  the 
ayerage  of  Gnglish  lines  have  saffered  by  taking  up,  leasing,  or  guaran- 
teeing unremuneraiive  lines  to  prevent  them  from  falling  into  the  hands 
of  a  Tival  C3oinpaii  jy  although  this  is  notoriously  the  principal  cause  of  low 
interest  on  the  EInglisb  railways.     I  will  simply  accept  the  facts  as  they 
stand  y  and   form   the  comparison  on  that  basis.     It  appears,  then,  that 
the  Festiniog  Railway  Company,  whilst  working  the  line  with  horses, 
realized  such  proGta,  that  they  were  enabled  to  expend  a  sum  of  £50,000 
out  of  their  profits,  in  additions  to  the  line,  and  in  rendering  it  capable  of 
being  worked  by  locomotive  power ;  if  this  additional  capital  be  taken  into 
consider ation,  the  amount  of  interest  will  be  reduced  to  12^  per  cent,  on 
the  outlay  ;  still  this  is  a  handsome  return,  but  if  we  are  to  institute  a 
fair  comparison  with  other  railways,  we  must  see  how  this  interest  is  oh-* 
tained.    To  do  so,  I  must  again  revert  to  the  rates. 

Suppose,  for  instance,  that  the  Festiniog  Railway  Company  were 
forced  by  competition  or  otherwise,  to  carry  their  traffic  at  the  same 
rates  as  those  adopted  on  other  lines,  which  I  have  assumed  at  half  the 
rates  now  charged  on  the  Festiniog  line,  the  receipts  would  at  once  be 
reduced  to  one-half,  or  instead  of  £2B,676,  they  would  only  amount  to 
£11,838,  whilst  the  working  expenses  still  remaining  unaltered,  would 
be  £13,050,  or  a  deficit,  instead  of  12j^  per  cent,  interest.  In  these  com- 
parisons I  have  assumed  the  whole  of  the  traffic  to  be  a  '*  mineral  **  traffic, 
consisting  of  slates,  though,  strictly  speaking,  this  is  not  the  case,  but  the 
passenger  carriages  only  form  one -twentieth  of  the  number  of  vehicles  ; 
and  even  the  other  trucks  which  almost  exclusively  carry  a  "  mineral  ** 
traffic  of  coal  and  lime,  do  not  form  one-twentieth  portion  of  the  whole. 
I  have,  therefore,  simply  confined  my  remarks  to  the  question  of  slate  (or 
''  mineral  **)  traffic,  though  probably  some  slight  reduction  might  be  made 
in  my  figures  for  the  small  amount  of  traffic  that  may  not  be  carried  at 
sacfa  high  rates.  My  aim  has  been  to  place  before  yon,  in  as  clear  and 
concise  a  manner  as  possible,  the  principles  upon  which  a  fair  comparison 
can  only  be  made. 

The  Festiniog  Railway  was,  it  appears,  a  profitable  concern  when  worked 
by  horses ;  and  it  would  have  been  easy  to  establish  the  superiority  of 
horse-power  over  locomotive  power,  were  interest  on  capital,  or  proportion 
of  working  expenses  to  receipts,  to  be  the  only  criterion  of  their  relative 

merits. 
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3.  I  noif  come  to  the  question  of  the  proportion  of  dead  weight  of  rol- 
ling-stock to  freights  ;  and  in  this  respect  the  Festiniog  Railway  has  an  nn- 
donbted  advantage  so  far  as  slate  trafiSc  is  concerned,  for  slate  is  a  heavy 
and  compact  article  of  freight,  and  a  considerable  weight  of  it  may  be 
packed  in  a  small  compass ;  consequently,  if  a  small  track  be  sufficient 
to  contain  as  much  as  a  pair  of  axles  can  bear,  the  small  track  mnst  bare 
the  advantage  so  far  as  dead  weight  is  concerned  ;  but  few  of  the  Eng- 
lish railways  have  a  traffic  of  one  uniform  dense  character  like  that  of  the 
Festiniog  Railway ;  and  it  is  generally  necessary,  in  order  to  avoid  mul- 
tiplication of  rolling-stock,  to  have  a  few  types  of  track  capable  of  car- 
rying freight  of  all  kinds ;  but  even  if  a  railway  of  the  ordinary  gauge 
were  to  have  a  traffic  of  slates  alone,  I  doubt  whether  the  tracks  could 
constructed  so  as  to  have  so  small  a  proportion  of  dead  weight  as  on  th^ 
2 -foot  gauge. 

The  case,  however,  wears  a  very  different  aspect  when  we  arrive  at  the 
consideration  of  a  bulky  and  less  weighty  freight ;  take  for  example  coffee 
in  "  parchment,"  which  I  suppose  forms  from  90  to  95  per  cent,  of  the 
freight  from  Kandy  to  Colombo.     Its  bulk,  weight  for  weight,  must  be  at 
least  eight  or  nine  times  that  of  slate  (and  this  is  no  extreme  case ;  for 
nn-pressed  hay,  straw,  and  other  agricultural  produce,  are  thirty  times 
the  bulk  of  slate).     It  would  be  necessary,  therefore,  to  employ  eight 
or  nine  of  the  slate  trucks  to  carry  an  amount  of  coffee  equalling  the 
weight  of  slate  that  might  be  carried  in  one  track  ;  in  other  words,  the 
dead  load  will  have  to  be  increased  eight  or  nine  fold  when  you  begin 
to  carry  coffee  in  the  Festiniog  track  (or  84  in  the  case  of  hay  and  straw). 
This  is  on  the  assumption  that  the  slate  tracks  are  used  for  the  con- 
veyance of  coffee ;  and  I  have  assumed  this  in  order  to  simplify  the  ques- 
tion, and  show  the  principle  involved  ;  at  the  same  time  trucks  might  be 
designed  on  the  2-foot  gauge,  in  which  the  dead  load  might  be  reduced 
below  the  proportions  I  have  given  in  the  simple  comparison  of  bulk 
v?ith  bulk.     There  is  no  doubt,  however,  that  whilst  small  vehicles  give 
the  least  dead  load  for  dense  compact  freights,  the  larger  are  more  eco- 
nomical for  light  bulky  freight ;  and  this  principle  is  evidently  being  re- 
cognized in  those  parts  of  India  in  which  cotton  traffic  is  large ;  for  I 
learn  that  on  some  of  the  Indian  railways  an  endeavour  is  being  made  to 
economize  the  dead  load  by  increasing  the  size  und  capacity  of  the  trails, 
'onrth  point  would  be  too  absurd  to  combat,  were  it  not  so  gravely 
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snd  plansibl J  insisted  npon  by  the  writer  of  the  letters  of  the  ^' Times/* 

irt»  after   going   into   some  ekbonte  proofs  to  show  that  a  ton  of 

deid  weight  or  more  is  carried  for  every  passenger,  continnes,  ''  snrely 

it  most  be  a  severe  reproach  to  mechanical  science  so  long  as  a  ton  of 

^tsseogere  means,  according  to  one  calcnlation,  20  tons,  or,  according  to 

uuAher,  Sd  tons,  &c.,"  and  then  he  proceeds  to  show  that,  by  the  system 

he  advocates,  carriages  may  be  constructed  so  that  a  passenger  and  his 

detd  load,  instead  of  weighing  a  ton  or  more,  may  only  weigh  5  cwt. 

l^ow,  any  one  who  has  the  slightest  acquaintance  with  the  working  of 

Tslways  kuuws  that  the  principal  causes  of  this  excessive  weight  have 

nothing  to  do  with  "  construction  *'  or  "  mechanical  science,"  but  with 

the  traffic  arrangements  and  with  the  travelling  public.    The  dead  weight 

is  caused  by  the  necessity  for  providing  for  the  maximum  number  of 

pasaengers  that  may  possibly  travel  on  the  railway,  by  the  haulage  of 

empty  carriages,  by  the  system  practised  by  the  travelling  public  of  re- 

serring  empty  compartments  for  themselves,  and  innumerable  facts  well 

nnderatood  by  traffic  managers.      Even  the  most  superficial  observer 

traTelling  on  the  English  railways  must  have  noticed,  especially  on  branch 

^oea,  that  the  carriages  are  seldom  filled  to  a  third  of  their  capacity,  and 

that  many  are  quite  empty.    This  explains  the  secret  of  the  immense 

^^^agU.    Whilst  travelling  on  the  Festiniog  railway  I  noticed  that, 

^ fills  the  first  class  traffic  was  concerned,  the  dead  load  exceeded  2^ 

tons  per  passenger  without  taking  into  account  the  share  of  dead  load  of 

^e  and  break-van,  for  there  was  only  one  passenger  in  the  carriage  on 

^  lip  journey  and  none  on  the  down.    Our  third  class  carriages  on  the 

^lon  laOway,  when  they  are  properly  filled  (as  they  almost  always  are) 

^  not  amount  to  4  cwt.  per  passenger  including  the  weight  of  the  pas- 

iQiger-Huid  they  are  of  no  special  construction — so  that  the  wonderful 

iiopiovement  of  5  cwt.  expected  by  the  writer  in  the  '*  Times  **  is  by  no 

means  so  great  as  it  appears  to  be  on  paper.    There  is  certainly  room 

for  the  reduction  of  dead  load  in  the  construction  of  carriages  to  a  limited 

extent,  bot  the  travelling  public  of  England  will  not  bear  it.    I  remem- 

^  that,  several  years  ago,  on  a  railway  in  the  north  of  England,  some 

^fiAges  were  constructed  which  reduced  the  dead  load  to  1|  cwt.  ex- 

duaiva  «f  the  weight  of  the  passenger  himself,  but  it  was  found  that, 

^v^ctically,  these  carriages  involved  more  dead  weight  than  those  of  ordi- 

^Ty  construction  because  the  public  objected  to  travel  in  them  and  the 
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passengers  in  them  were  bnt  few.  After  abont  a  year's  trial  Uiej  whore 
withdrawn.  As  a  rule,  the  dead  weight  due  to  faulty  construction  or 
wasted  space  (both  in  goods  and  passenger  traffic)  is  a  mere  bagatelle 
compared  with  that  necessitated  by  traffic  arrangements. 

I  now  come  to  the  cheap  construction  of  light  railways.  This  ad- 
vantage on  inyestigation  will  be  found  to  be  less  than  might  at  first  sight 
be  imagined.  The  cost  of  land  will  be  nearly  the  same  in  the  case  of  the 
light  railway  as  it  is  in  that  of  the  broader  gauge. 

The  fencing,  the  telegraph,  the  signals — precisely  the  same. 

The  stations :  nearly  the  same,  the  sidings  longer,  because  a  decrease 
in  the  indth  must  entail  increase  in  the  length  of  the  trains. 

The  permanent- way  will,  perhaps,  show  tlie  greatest  sa?ing,  but  that 
will  be  effected  diiefly  in  the  sleepers ;  it  is  a  significant  fact  that  the 
rails  adopted  on  the  Festiniog  Bailway  are  of  greater  weight  than  those 
originally  adopted  and  used  for  many  years  on  the  7*foot  gauge  of  the 
Great  Western  Railway;  on  the  other  hand  the  Oreat  Western  rails 
were  laid  on  bngitudinal  sleepers  which  admit  of  some  reduction  in  the 
weight  of  rails. 

The  saying  in  the  earth- work  varies  very  much,  bnt  decreases  relatively 
with  the  magnitude  of  the  work ;  take  as  an  extreme  instance,  the  heavy 
embankments  required  to  keep  the  Gampola  Railway  above  flood-level ; 
in  an  embankment  of  50  feet  height,  with  slopes  of  1^  to  1,  the  slopes 
which  form  the  principal  portion  of  the  contents  will  remain  the  same^ 
whatever  may  be  the  gauge,  the  only  saving  is  a  slip  out  from  the  midde 
of  the  embankment,  and  each  foot  saved  in  width  would  only  represent  a 
total  saving  of  -g^^th  part  of  the  whole,  in  other  words,  a  little  more  than 
1  per  cent.  The  saving  in  bridges  of  large  span  would  be  but  small  because 
the  weight  of  the  train  bears  so  small  a  proportion  to  the  weight  of  the 
bridge  itself.  The  culverts  cannot  be  reduced  to  any  appreciable  extent 
except  slightly  in  length — ^the  faces  would  remain  the  same.  The  differ^ 
ence  of  cost  between  a  7-foot  gauge  and  the  ordinary  4x8^  g^^^y  ^ 
oonttdered  by  engineers  who  have  investigated  the  question,  to  be  about  7 
or  8  per  cent.  Even  Captain  l^ler,  R.E.,  who  has  so  strongly  advocated 
the  light  system,  and  whose  position  as  Government  Inspector  of  Rul-* 
ways  has  done  so  much  to  bring  the  subject  prominently  before  the  public, 
even  he  admits  that,  '^  in  flat  countries  very  little  saving  can  be  effected 
by  reducing  the  gauge : "  but  he  believes  that,  "  in  mountainous  districts, 
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sbupev  cnrres  which  work  more  enily  in  the  narrow  gange  can  be  better 

employed  ao  as  to  enable  ooeily  works  to  be  aToided.'*    If  this  be  the  case, 

thea  comes  the  qaeetkm :-— ''  Are  sharp  cnrvea  prednded  by  the  ordinary 

gaxige?**     A  few  years  ago  such  a  qneetion  wonld  haTe  been  answered 

m  Una  aiBhniatiTe,  for  when  the  Geylon  Bailway  was  first  designed  it  was 

tbiMNtnidqiie  amongst  railways,  and  I  had  no  small  opposition  to  over- 

come  m  the  Colony^  beoanse  the  cnrres  in  my  proposed  line  were  so  sharp. 

My  firopoeal  was  then  designated  as  *'  a  series  of  aig-aags  and  chamois- 

Wsps  at  Yighi  angles  to  one  another." 

Knee  that  time  howeyer,  the  extension  of  railways  to  districts  previ- 
ously conndered  inaccessible  to  the  locomotire  has  led  to  the  adoption  of 
still  sharper  cnrres;  and  the  attention  of  engineers  has  been  directed  to 
the  improTsment  of  rolling  stock  so  as  to  enable  it  to  pass  without  diffi- 
adty  Toond  sndi  carres.  The  diarpest  carves  of  the  Festiniog  Railway 
are  115  feet  radins,  and  the  wheel  base  only  5  or  6  feet ;  bat  lately  a  steam 
earriage,4d  feet  long,  has  been  exhibited  near  London  running  round  carves 
of  only  50  feet  radius  at  a  speed  of  25  miles  per  hour  on  the  ordinary  gauge 
of  4  feet  8^  inches,  so  that  the  greatest  element  of  economy  claimed  for 
the  exceptionally  narrow  gauge,  is,  to  some  extend,  illusive,  inasmuch  as 
with  the  ordinary  gauge  curves  can  be  used  which  are  twice  as  sharp  as 
the  sharpest  carves  on  the  Festiniog  Bulway. 

It  BOW  only  remains  for  me  to  discuss  the  sixth  advantage  claimed  for 
the  Festiniog  system,  being  that  the  light  character  of  the  rolling-stock 
reduces  the  wear  and  tear  considerably.  This  is  true  to  a  certain  extent, 
but  less  than  might  at  first  sight  be  imagined,  because  it  must  be  re- 
aseiabered  that  the  great  causes  of  wear  and  tear  on  English  railways 
are  the  high  speed  and  heavy  engines ;  in  fact,  this  is  admitted  in  the 
letters  of  the  "Times,"  from  which  the  following  is  a  quotation : — *^  The 
carriages  and  waggons  are  comparatively  innocent.  Qo  to  him"  (the 
engineer  of  the  line)  "  and  he  will  tell  you— <  We  carry  millions  of  tons 
on  our  line,  and  we  ought  to  carry  as  many  mUlions  more  without  hurt, 
were  it  not  for  So»and-8o's  engines ;  they  tumble  and  grind  along  and 
break  down  all  before  them.  What  should  be  a  perfect  road  for  years, 
with  not  more  than  two  men  per  mile  to  look  after,  is  now  hammered  out, 
in  as  many  months,  with  five  times  the  number  of  men  to  look  after.* " 

Now,  heavy  trains  combined  with  high  speed  require  heavy  engines, 
and  cannot  be  adopted  without  extensive  wear  and  tear ;  but  the  Man-* 
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cheater  and  Liverpool  Bulway  was  for  many  years  worked  by  locomotives 
as  light  as  those  used  on  the  Festiniog  Railway,  and  I  well  remember 
the  time  when  the  sonthem  division  of  the  London  and  North  Western 
Hallway  between  London  and  Birmingham  was  worked  by  small  fonr* 
wheeled  engines,  scarcely  one-third  the  weight  of  the  present  monster 
engines. 

There  is  no  reason  why  light  engmes,  and  even  wagons  and  carriages 
of  a  lighter  character,  should  not  be  employed  on  railways  of  ordinary 
gange,  provided  the  speed  be  restricted. 

To  recapitdate.  I  am  of  opinion  that  the  advantages  daimed  for  the 
Festiniog  lino  may  be  disposed  of  as  follows : — 

The  proportion  of  working  expenses  to  receipts  would  be  br  greater  than 
that  of  the  average  of  English  lines,  were  the  rates  of  freight  the  same. 

The  interest  of  29^  per  cent,  would  dwindle  down  to  a  deficit,  were  the 
ordinary  mineral  rate  charged. 

The  advantages  of  dead  load  do  not  hold  good  in  the  case  of  lighter 
and  more  bulky  freights  than  slate. 

The  dead  load  of  passenger  trafiSc  is  due  to  traffic  arrangements  rather 
than  to  any  specialty  of  construction. 

The  sharp  curves  which  are  claimed  as  the  principal  cause  of  saving  in 
construction  are  not  peculiar  to  the  Festiniog  gauge. 

Light  engines  and  rolling  stock  may  be  employed  without  having  re- 
course to  the  exceptionally  narrow  gauge. 

There  are  few  lines  England  in  which  the  traffic  descends  by  its  own 
gravity,  as  on  the  Festiniog  Hallway,  or  on  which  the  greater  part  of  the 
traffic  requires  no  power  beyond  the  hauling  back  of  the  empty  trucks ;  the 
gradients  are  most  favourable,  being  practically  about  1  in  90  for  the 
whole  distance,  and  yet  the  expenses  per  train  mile  are  nearly  double  those 
of  the  average  of  English  lines,  and  three  times  those  of  some  of  the 
Irish  lines. 

An  endeavour  has  been  made  to  show  that  the  working  expenses  should 
be  greater  on  the  Festiniog  line,  because  the  trucks  are  hauled  back 
empty ;  but  on  the  other  hand  it  must  be  remembered  that  the  traffic 
is  of  such  a  character  that  the  trucks  one  way  may  be  filled  to  their  full 
extent,  and  that  as  the  traffic  is  ''  through  "  there  is  but  little  shunting, 
BO  that  at  least  half  the  capacity  of  the  trains  may  be  considered  to  be 
utilized ;  whilst  on  ordinary  railways,  as  a  general  rule,  taking  into  «e- 
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oonntmiscellaneonsfreightSi  half  loads,  and  empty  returns,  scarcely  more 
than  one-third  of  the  trains  ran  can  be  considered  available. 

Moreover,  the  comparison  has  been  made  between  the  working  expenses 
of  a  low  speed  railway,  and  those  of  high  speed  railways.  Now  high 
speeds  mnst  be  proportionally  more  ezpensiTe  than  low,  the  tractive  force 
of  12  miles  to  that  of  50  miles  being  abont  as  1  to  2^,  apart  from  any 
consideration  of  increased  wear  and  tear  from  impact. 

In  bringmg  forward  arguments  to  refute  the  extravagant  claims  set  up 
for  the  exceptionally  narrow  gauge,  I  do  not  wish  to  condemn  either  the 
light  system  or  the  Feetiniog  Railway.    I  believe  that  the  former  pos- 
sesses many  advantages,  and  may  bo  adopted  with  great  advantage  under 
suitable  circumstances ;  and  the  latter  is  a  most  interesting  work,  and 
reflects  great  credit  on  the  engineer  for  the  manner  in  which  he  has  over- 
come the  difficulties  of  working  so  small  a  gauge,  and  for  the  successful 
introduetion  of  locomotives  on  it;  but  I  do  protest  against  the  conclusion, 
that  the  facts  elicited  by  the  working  of  the  Festiniog  Railway  prove  its 
supenoiity  over  the  ordinary  gauge  under  all  circumstances,  as  its  sup- 
porters endeavour  to  show. 

It  is  not  unusual  when  engineers  bring  forward  arguments  in  opposition 
to  the  light  sptem  to  consider  that  their  opposition  is  actuated  by  ''  an- 
tiquated notions  ;*'  that  they  are  attached  to  the  orthodox  plans  to  which 
they  have  been  accustomed  all  their  lives,  and  that,  consequently,  they  are 
averse  to  any  change. 

I  believe,  however,  that  my  antecedents  will  free  me  from  any  such  im- 
putation, and  my  past  reports  to  the  Government  of  Ceylon  show  that 
I  have  for  years  contemplated  the  introduction  of  light  railways  into 
Ceylon,  should  it  be  determined  to  open  up  certain  mountain  districts  by 
railway  communication ;  it  would,  however,  be,  in  my  opinion,  a  great 
mistake  to  make  a  break  of  gauge  in  carrying  out  the  extension  to  Gam- 
pola ;  the  features  of  the  country  are  such  that  little,  if  any,  saving  would 
be  effected  by  the  adoption  of  a  different  gauge  from  that  of  the  main 
line,  and  as  Ghmipola  is  a  centre  into  which  the  traffb  of  several  districts 
oonrerge,  it  would  be  most  unwise  to  have  a  break  of  gauge  between  it 
and  the  main  line;  for  in  that  event  it  would  be  more  advantageous  to 
the  freighters  to  cart  their  traffic  a  few  miles  further  along  the  road  to 
the  main  line  rather  than  despatch  them  at  Gampola  to  be  subject  to  a  | 

diange  of  vehicle  after  a  few  miles  of  railway  journey. 
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The  evils  of  a  break  of  gauge  are  not  to  be  overlooked,  and  tho  ad. 
vantages  should  be  well  marked  to  justify  it.    I  feel  sare  that,  if  the 
Oampola  Extension  were  to  be  laid  to  any  other  gauge  than  that  of  the 
main  line  it  would,  at  some  future  time,  be  relaid  to  the  proper  gauge. 
The  Arconum  and  Oonjeveran  Bailway,  not  many  years  ago,  was  laid 
down  on  a  4-foot  gauge  and  was  intended  to  inaugurate  a  new  system  of 
light  railways  for  India.    There  was  no  neoeasity  in  that  case  for  any  de- 
parture from  the  regular  gauge,  and  I  learn  that  it  is  now  being  relaid  to 
the  regular  Indian  gauge  of*  5-6,  after  a  heavy  sacrifice  of  rolling  stock 
and  permanent  way.    I  am  strongly  of  opinion  that  reform  in  rolling 
stock  is  much  more  required  than  in  gauge,  and  I  think  it  would  be  well 
when  any  gauge  has  been  once  adopted  in  a  country,  to  see  how  &r  it 
may  be  possible,  by  means  of  modem  appliances  for  passing  round  carves, 
by  engines  specially  designed  for  low  speeds  and  by  light  rolling  stock, 
to  secure  the  advantages  of  a  light  railway,  without  having  reoooiae  to  a 
break  of  gauge. 

[The  above  is  rather  old  having  been  written  in  1871,  bat  may  be  intorestiiig 
as  dealing  with  some  of  the  fallacies  which  have  been  pat  forward  by  the  extreme  pu^ 
tisans  of  the  Naxrow  Gauge.] 

O.  L.  M. 

January,  1878. 


•  Tbii  feltenlion  wh  to  h«te  been  oanied  out  u  »  port  of  the  CamAtic  Railway  i^srateni,  tal 
tiie  Oarnatic  Bailway  having  been  amalgamated  wiUi  the  Great  Southern  of  India  Railway,  it  hat 
been  deoided  to  alter  it  to  the  metre  gauge  which  hae  been  adopted  on  the  amalgamated  linei. 
— O.  L.  H. 
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No.  CCLXVl. 

CONSTRUCTIVE  DETAILS  OP  RACK-RAIL  RAILWAYS, 
AND  OP  THEIR  ROLLING  STOCK. 

[Vide  PlateM  L— XD.] 


[Pbok  the  Osbman.] 


TrmulaUdand  Ctrndemedby  Major  J.  L,  L«  Moeant,  R.E.y  DUtriri 
Engineer^  NUgirU. 


2M  Jmmaiy,  2878. 

It  IB  here  proposed  to  gire  farther  particulars  of  this  interesting  system 
of  Monntdn  Railways,  the  study  of  which  will  enable  ns  to  admire  the  in- 
genuity and  close  attention  to  details  of  its  inventor.  Monsieur  N.  Rig* 
genbacfa,  and  to  desire  its  introduction  into  India,  to  which  Country  it 
seems  eminently  suited.  The  following  particulars  are  obtained  from  the 
Gennan  Treatise: — 

**Die  Drn  BigibcAnen  und  da8  Zahnrad'SffBtem^  beBchruhen  von  Raman 
Abif  Cdnitrueteur  der  Ma$chinenfabrik  Aarau^^  printed  at  Zurich  in  1877. 

In  conTerting  Foreign  into  British  measures  and  weights,  Rankine^s 
Comenum  Tables^  in  his  book  of  "  Useful  Rules  and  Tables,''  hare  been 
found  to  sBTe  much  labour  and  to  insure  accuracy. 

Raok-bail  Pbbxanbnt  Wat. — Rack-rail  lines  haTC  a  similar  perma- 
nent way  to  that  of  ordinary  adhesion  lines,  with  the  addition  of  the 
rack-rail  between  the  two  outer  carrying  rails.  In  deciding  upon  the 
construction  of  this  central  rack-rail  the  chief  endearour  was  to  obtain  a 
simple  form  which  would  admit  the  teeth  of  the  driving-wheel  deep  into 
the  rack. 

Rack  Teeth. — Life  size  details  of  these  will  be  seen  in  Figs.  1  and  2  of 
Plate  I. ;   the  former  figure  gires  a  section  of  a  tooth  where  the  cog** 
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driving  wheel  grips  it,  and  the  l&tter  where  the  tooth  enters  the  cheek 
bars  of  the  rack-rail.  The  teeth  are  cut  from  rolled  wronght-iron  bars, 
and  the  ends  which  enter  the  cheek  bars  of  the  rack  are  tnmed  in  a  lathe 
and  rivetted  to  them  cold.  The  maximnm  tooth  pressure  has  been  taken 
at  G  tons.    Using  the  formula 

we  obtain  the  pressure  K  =  ^-jji 

where  P  =  6  tons. 
I=z6  inches. 
6  =  1J    „ 

A  =  l|    „     (meanofi±l*) 

TT  IT  6X6  15  160       «,  .  .    • 

Henco  K  =  axTTxai)'  =  flT^  =  49  =  SJ  tons  per  sqaare  .neb, 

which  is  one-seventh  of  the  breaking  weight,  as  will  be  seen  on  the  op- 
posite page. 

Rack-Rail. — Figs.  8  and  4  of  Plate  I.,  are  sections  of  the  rack-nul, 
which  is  entirely  of  wrought-iron  and  in  lengths  of  8^  (3*27)  yards.  The 
clear  length  of  each  rack  tooth  is  nearly  5  (4*9)  inches,  and  the  width 
of  the  cog^driving  wheel  is  nearly  4  (8*978)  inches ;  there  is  thus  a  play 
on  cither  side  of  the  wheel  when  engaging  in  the  rack  of  nearly  half 
(*468)  an  inch.  In  the  Vitznau-Rigi  Line,  which  is  as  steep  as  1  in  4, 
each  locomotive  has  two  pairs  of  angular  jaws  which  embrace  the  upper 
flanges  projecting  on  each  side  of  the  central  rack-rail :  in  the  event  of 
the  wheels  being  lifted  off  the  rails  by  a  hard  substance  getting  between 
the  teeth  of  the  rack,  these  jaws  wotild  catch' against  the  flanges  and  hold 
the  vehicle  in  its  place.  (Bee  Fig.  8,  Plate  I.)  This  precaution  is  con* 
sidered  unnecessary  in  rack-rail  lines  with  gradients  easier  than  1  in  10. 
Hence  the  section  shown  in  Fig.  4,  PkUe  L,  where  the  upper  flanges  are 
reduced  to  a  little  over  one  inch. 

The  lowest  tooth  on  the  incline  in  each  length  of  the  rack-rail  is  ob- 
viously the  most  liable  to  be  forced  out.  For  this  reason  the  cheek 
plate  joints  are  made  unequal  (see  r,  9,  in  the  three  figures  of  PkUe  II.) 
The  pitch  or  distance  apart  of  the  rack  teeth  from  centre  to  centre  is 
8*9  (or  nearly  4)  inches.  In  Fig,  2,  Plate  I.,  it  is  seen  that  the  thick- 
ness of  the  rack  tooth  shank,  where  it  enters  the  cheek  bars,  is  1*65 

134 


CON8TRUCTIV1   DETAILS   OF    RACK  RAIL    RAILWAYS,   ETC.  3 

inebes  :  a  play  for  contraction  and  expansion  of  -08  of  an  inch  is  allow- 
ed in  the  slot  of  the  cheek  bar,  which  the  tooth  enters  :  hence  a  balance 
of  2-17  mches  ia  left  (1-65  +  -08  +  2-17  =  89  inches)  of  which  one 
end  of  each  rack  bar  has  -81  inches,  and  the  other  1-36  inches. 
Before  constructing  the  first  rack-rail  very  careful  experiments  on  this 
point  were  made.    The  joint  was  first  placed  in  the  centre  of  the  two 

teeth,  learing  -^  =  1*085  inches  of  solid  iron :  the  tooth  was  then  torn 

out  by  a  weight  of  26  tons.  1*95  or  nearly  2  inches  of  solid  iron  was 
next  placed  beneath  the  tooth,  when  this  thickness  split  with  42  tons. 
Hence  the  resisting  power  of  the  iron  was  fond  t  o  be  in  round  numbers 
51,000  &>s.,  or  22|  tons  per  square  inch. 

Permanent   Way.'^Plates  II.  and  III.  gi?e  longitudinal  and  cross- 
sections  of  three  types  of  rack-rail  permanent  way. 

Firtt  typt.    Rack-rail  level  with  hearing  rails. — Fige,  1  in  each  Plata 
is  that  of  the  Yitznau-Rigi  line,     a,  a,  are  the  longitudinal  timbers;  5,  b, 
the  smooth  carrying  rails  or  normal  running  way.      In  the  centre  be- 
tween these  latter  is  the  rack-rail  lying  directly  on  the  cross-sleepers. 
The  two  outer  longitudinal  timbers  are  notched  into  the  cross-sleepers  and 
bolted  to  them  by  strong  screws.    This  stiff  framing  is  then  imbedded  in 
ballast  and  packed  in  the  usual  way.     As  a  security  against  any  possible 
slipping  of  the  framing  on  such  a  steep  gradient  as  1  in  4,  it  is  also  strong- 
ly secured  at  internals  of  250  or  300  feet  to  masonry  foundations  built  fire 
feet  deep  into  the  solid  ground  beloWjf:<  This  security  is  not  required  on 
easier  gradients.     A  short  time  back  these  longitudinal  pine-wood  sleepers 
were  replaced  by  others  of  wronght-iron.     On  gradients  easier  than  1  in 
20  these  additional  longitudinal  sleepers  can  be  dispensed  with :  even  the 
Waaseralfingen  line  of  1  in  18  has  no  longitudinal  sleepers.     The  central 
rack-rail  is  fastened  to  the  cross-sleepers  in  three  ways;  (i),  the  rack-rail 
lengths  are  jointed  with  horizontal  fish-plates  under  both  of  the  lower 
flanges  (see  m,  n,  Fig,  1,  Plate  II.)  of  the  rack-rail  cheek  bars :  these 
fish-plates  are  attached  to  the  cheek  bars  by  six  screws  of  which  two  (p, 
^,  F'ig,  ly  Plate  II.)  pass  into  the  cross-sleeper;  (ii),  the  lower  flanges  of 
the  rack-rail  cheek  bars  are  fastened  to  the  three  intermediate  cross- 
sleepers  by  screws;   and  (iii),  at  s.  Fig.  1,  Plate  II.,  angle-irons  are 
riretted  to  the  lower  flanges  of  the  rack-rail  and  fastened  to  the  up 
gradient  side  of  each  of  these  intermediate  cross-sleepers. 
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Second  Type,     Rack-rail  raised  above  hearing  rails  by  langitudtnal  tim- 
hers.^^Where  a  rack-rail  line  has  to  be  used  all  the  year  round,  or  in  con- 
junction  with  other  smooth  rail  or  adhesion  lines,  it  is  necessary  to  raise 
the  central  rack-rail  aboye  the  side  carrying  rails,  so  as  to  prevent  its 
being  choked  in  winter  by  snow  or  ice,  or  to  enable  the  cog-driving  wheel, 
by  being  elevated,  to  travel  safely  over  the  permanent  way  of  the  other 
adhesion  lines.    This  is  effected  by  laying  between  the  side  rails  two  lon- 
gitudinal timbers  (a,  a, Fig.  2,  Plate  III.)  to  which  the  rack-rail  is  fastoied. 
At  each  joint  of  the  rack-rail  which  requires  12  screws  (see  Fig.  2,  Plate 
II.)  the  four  outer  pass  both  through  the  lower  flanges  of  the  rack-rail 
cheek  bars  and  through  the  longitudinal  sleepers.    The  heads  of  the  other 
eight  fastenings,  together  with  the  fish-plates  themselves,  are  countersonk 
into  the  longitudinal  timbers.     A  channel  (m,  n,  o,  p,  Fig.  2,  Plate  III.) 
8^  inches  deep  runs  along  the  whole  length  of  the  permaiftnt  way.    The 
centre  of  the  rack  teeth  are  thus  2|  inches  above  the  top  of  the  side 
bearing  rails.     This  construction  has  succeeded :  such  lines  have  been 
worked  at  all  seasons,  and  inclement  weather  at  high  altitudes  has  had 
no  greater  effect  on  them  than  on  ordinary  adhesion  lines. 

Third  Type.    Eack-rail  raised  above  bearing  rails  by  cast-iron  chairs.'^ 
The  last  improvement  effected  in  the  permanent  way  was  to  substitute  cast- 
iron  chairs  for  the  elevated  longitudinal  timbers  of  the  second  type.   Figs.  3 
in  Plates  II.  and  III.  illustrate  this  third  type.     The  chairs  will  be  Ibnnd 
figured  in  Plate  lY.    Four  screws  (a,  b,  c,  d,  Fig.  1 ,  Plate  lY.)  secure  these 
chairs  to  the  cross-sleepers  and  a  lower  rib  (g,  g,  Figs,  2  and  3)  prerents 
these  screws  from  being  too  severely  strained.     Three  upper  ribs  (A,  k^  h^ 
Figs.  2  and  8)  accurately  fit  in  between  the  cheek  bars  of  the  rack-rail  and 
prevent  lateral  movenient.    The  chairs  are  placed  9|  feet  apart  from  centre 
to  centre  immediately  under  the  joints  of  the  rack-rail.    Each  length  of  the 
rack-rail  is  secured  to  the  chairs  by  4  screws,  2  at  each  end  (see  Fig.  8, 
Plates  II.  and  III.) ;  the  2  screws  at  the  upper  gradient  end  of  the  joint 
allow  a  play  for  contraction  and  expansion ;  at  the  lower  gradient  end  of 
the  joint  an  angle-iron  (x,  Fig.  3,  Plate  II.)  further  unites  each  chair  to  the 
lower  fianges  of  the  rack-rail  cheeks.     Between  the  two  intermediate 
cross-sleepers  and  the  rack-rail  are  inserted  wooden  blocks  secured  by 
screws  (a,  by  Fig.  8,  Plate  II.)    The  accompanying  Table  (No.  L)  gives 
details  of  the  permanent  way  of  seven  Back- Railways. 
Raok-Rail  Emtrarcss. — These  are  placed  where  the  rack-rail  and 
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Adhesion  lines  join,  in  order  to  facilitate  the  passage  of  the  cog-wheel 
locomotiye  from  the  one  to  the  other.  In  Vol.  VI.  of  Indian  Engmeer- 
ing  [Second  Series],  page  287,  this  arrangement  was  thos  explained : — 

**  In  adyance  of  the  regular  fixed  central  rack-rail  is  a  piece  of  central  rail  naUng 
on  a  powerful  elastic  spring,  the  rangs  of  the  rail  ladder  being  at  a  greater  dittuei 
apart  than  in  the  regular  rail  and  diminishing  by  degrees  in  distance  until  the  nor- 
mal distance  between  the  rangs  is  obtained.  The  toothed  driring-wheel  of  the  loco- 
tnotive,  on  reaching  the  first  rang  or  cog  of  the  adTance  rail,  presses  down  the  elastic 
spring,  and  its  tooth  drops  down  somewhere  between  the  first  and  second  oogs ;  bj 
this  means  the  teeth  of  the  driving-wheel,  as  it  moves  forward,  are  guided  by  degrees 
oyer  the  cogs  of  the  elastic  rail  into  the  normal  fixed  rail,  on  reaching  whidi  the 
driving-wheel  has  adjusted  itself  to  its  proper  position  with  reference  to  the  central 
rack-rail,  and  its  teeUi  work  into  the  rungs  of  the  ladder  without  a  jar.'' 

Plate  Y.  illnstrates  this  arrangement.  In  Fig,  8  of  Plate  V.,  at^,  is 
ahown  a  triple  hinge,  connecting  the  adyance  portion  of  the  rack-nil 
with  the  normal  rack-rail.  The  advance  portion  rests  on  two  springs, 
one  the  spiral  spring  (m,  n,  Figs.  1  and  8),  and  the  other  the  cross-spring 
(a,  h,  Pigs.  2  and  8).  The  space  between  every  two  teeth  of  the  advance 
rack-rail  is  '079  of  an  inch  greater  than  it  is  in  the  regular  rack-rail 
And  jp,  9,  in  Figs.  I  and  8,  are  gnide  arms  to  prevent  lateral  motion. 

Tubh-Tablb  Switches. — To  shift  vehicles  from  one  line  to  another 
a  special  contrivance  is  necessary,  the  ordinary  switches  being  rendered 
inapplicable  by  the  rack-rail.    This  apparatus  will  be  understood  from 
Plate  YI.     It  is  essentially  a  segment  of  a  turn-table.     This  tarn-table 
or  platform  carries  two  complete  rack  lines,  having  curves  with  a  radios 
of  590  feet.    They  carry  an  entire  train.     Their  whole  length  is  44^ 
and  breadth  85^  feet.    The  turning  is  performed  by  means  of  a  crab  (a,  a, 
Fig.  1,  Plate  YI.)  which  works  through  shafting  6,  d,  the  toothed  wheels, 
c,  c,  into  the  rack-rails  d,  e\  d,  e.    The  entire  turn-table  rests  on  thirteen 
axles,  and  is  assisted  by  three  rollers  (see  left  hand  Fig.  1)  fixed  in  the  en- 
closing wall,  these  rollers  being  required  as  the  platform  is  on  a  gradient 
of  linlfif. 

BoLLiHG  Stock. — Locomotives.  In  addition  to  the  illustrations  which 
have  appeared  at  page  219  of  Yol.  YI.  of  Indian  Engineering^  [Beeond 
Series],  we  give  on  Plate  YII.  a  horizontal  section  (at  the  centre  of  the 
cylinders  and  wheel  axles)  of  a  cog-wheel  locomotive  used  on  the  Oster- 
mundingen  line.  Its  cog-wheel  axles  are  m,  p,  q,  m,  and  n,  x,  n.  The 
idriving-wheel  axle  which  is  used  on  smooth  rail  lines  is  a,  a.    The  ooa- 
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neeiioo  of  this  sxle  with  the  cylinders  is  made  and  broken  by  means  of  the 
dotches  at  K^  K.     The  axle  a,  a,  is  a  double  axle ;  the  inner  one  is  of 
steel  and  bears  firmly  wedged  on  it  the  two  cranks*  6,  e;  by  e ;  the  outer 
axle  is  of  wrought-iron  and  carries  the  two  driying-^heels  T,  T,    The 
details  of  the  arrangement  at  E^  K  are  giren  in  PlaU  VIII.     The  spiral 
txle  W  carries  at  its  extremities  screws  which  communicate  motion  to  the 
double  lever  TF,  T^Z\  1V,Y,Z  on  its  fulcrum  F,  F.    This  double  lever  is 
eonnected  at  one  end  (  W)  with  the  spiral  axle,  and  at  the  other  end  with 
the  clutch  K  bj  means  of  screws.     Through  the  smooth  bevel  gearing  at 
y  the  spiral  axle  W  is  turned  and  the  double  spring  lever  W,  Ty  Z; 
Wy  YZy  loosened  or  tightened  as  desired,  thus  communicating  a  corres- 
ponding loosening  or  tightening  motion  to  the  clutch  at  E, 

It  has  been  foand  that  the  tires  of  the  carrying  wheels  of  a  cog-wheel 
locomotive  wear  away  by  rolling  friction,  hence  diminishing  their  diameter ; 
while  the  circumference  of  the  cog-driving  wheel  remains  in  statu  quo, 
there  being  no  appreciable  friction  on  the  heads  of  the  teeth.     The  dia- 
meter of  the  carrying-wheels  is  therefore  made  one-fourth  of  an  inch  longer 
than  required  by  the  diameter  of  the  cog-driving  wheel.     Thus  when  the 
wheels  are  new  the  evil  is  at  its  maximum  in  one  direction  ;  and  the  evil 
diminishes  until  the  driving  and  carrying-wheels  are  of  the  right  relative 
^ametersy  when  their  condition  is  perfect ;  and  then  the  evil  increases  to 
a  eertam  point  in  the  other  direction  by  the  diminishing  diameter  of  the 
canying-irheels  nntil  new  tires  hare  to  be  provided.    Let  us  now  enquire 
into  the  extent  of  this  imperfection.     The  adhesion  weight  of  the  Was- 
seralfingen  locomotive  is  10|  tons.    Taking  the  coefficient  of  friction  at 
|th,  the  tangential  force  will  thus  be  3,454  tt>B.    The  wheel  circumference 
is  96  inches.     Hence  this  locomotive  performs  a  mechanical  work  per 
inch  of  wheel  circumference  of  36  lbs.     And  as  the  circumference  of  the 
carrying-wheel  is  three-fourths  of  an  inch  longer  than  that  of  the  cog- 
driving-wheel  the  whole  excess  of  mechanical  work  will  be  36  X  f  =  27 
lbs.  per  revolution  too  mnch ;  which,  by  means  of  the  couplings  and  other 
connections  can  have  no  appreciable  retarding  effect  on  the  train.     The 
whole  mechanical  work  by  the  toothed  driving-wheel  in  the  same  portion 
of  time  with  a  tooth  pressure  of  6,600  lbs.  is  16  lbs.,  or  a  maximum 
labour  loss  of  nearly  half  per  cent.    But  as  the  tires  wear  dovm  until  the 
diameters  of  the  driving  and  bearing-wheels  are  equal,  when  there  is  no 
lossy  and  then  wear  down  still  further  until  the  diameter  of  the  driving  is 
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greater  than  that  of  the  carrying-wheels  giving  a  loss  in  another  dinetioo, 
the  average  loss  may  be  taken  at  one-foarth  per  cent. 

Table  No.  II.  gives  the  dimensions  of  seven  types  of  cog-wheel  loco- 
motives. 
Locomotive  Performances* 

Let     O  =  total  weight  of  the  train  in  tons. 

X  =  the  gradient  of  the  line. 
a  and  b  =  two  constants,  their  values  varying  according  to  tlis 

resistance. 
V  ==  the  train  speed  in  miles  per  honr. 
it  =  a  coefficient  giving  the  increased  resistance  on  cnnrsi. 
W  =  the  entire  train  resistance. 
Then  W  =  G  [r^  +  (a  +  ft  »)  ifc"| ,  the  resistance  of  the  air  ind 
wind  being  omitted. 

The  value  of  the  constants  may  be  taken  as — 
a  =  -0017 
b  =  -00015. 
The  value  of  the  coefficient  k  varies,  as  it  depends  on  the  relative  posi- 
tion of  the  wheels,  of  the  axles,  and  of  the  couplings ;  but  we  will  tib 

it  at — 

On  straight  portions 

and  up  to  curves  of  2,624  feet  radius,  let  us  say  k  =  1*00 


On  curves 

of 

1,968 

i> 

99 

99 

k  =  1-80 

i»      >f 

1,312 

»> 

99 

91 

l:=l-90 

i»      If 

984 

9> 

99 

9f 

h  =  2-26 

>»       ff 

820 

99 

99 

99 

k  =  2-50 

if           99 

656 

>9 

99 

99 

k  =  2-80 

9»           99 

590 

99 

19 

99 

k  =  8-00 

The  cog-wheel  locomotives  exert  a  tooth  pressure  of  6  tons,  and  travel 

at  the  rate  of  five  miles  an  hour  on  curves  of  590  feet  radius.    Hence  in 

the  formula 

W 


G  = 


•    +{a  +  bv)k 


1000 
W  =  6;a=-0017;  J  =  -00015; 

9  =  5;  and  ib  =  8. 

6  6000 


Therefore  0  = 


r^-  +  -007«5      •  +  '«» 
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GiTing  different  yalnes  to  x  (the  gradient  of  the  line)  from  0  or  dead 
lerel  up  to  1  in  4,  we  obtain  the  dififerent  train  weights  drawn  by  the 
locomotire.  These  are  graphically  represented  on  Plate  IX.,  where  the 
gradients  are  the  abscissie  and  the  train  weights  the  ordinates,  the  locomo- 
tije  weights  being  below  and  the  train  weights  abore  the  horizontal  axis 
A,  A.  Plate  IX.  also  shows,  for  the  sake  of  comparison,  in  a  similar 
way  the  performances  of  a  tender  locomotive  on  the  Engerth  system  as 
used  on  the  Semmering,  and  those  of  a  tender  locomotive  on  the  Uetliberg. 

The  Semmering  Line  has  curves  of  590  feet  radius,  and  the  trains  on  it 
travel  at  the  rate  of  10|  miles  an  hour  on  a  gradient  of  1  in  40.  Their 
locomotives  have  a  total  weight  of  66  tons,  of  which  19^  tons  fall  on  the 
two  axles  of  the  tender;  hence  the  adhesion  weight  is  46^  tons.  The 
drawing  power  of  an  ordinary  locomotive  is  found  by  multipliying  the 
adhesion  weight  into  the  coefficient  of  friction  which  is  on  an  average  |-th^ 
and  in  favourable  circumstances  |.     The  Semmering  locomotive  hence 

gives  a  drawing  power  of  from  -=-  =  6*65  tons  to  -j-  =  93  tons.     Am 

before, 

n—       6-66  or  9-8      _  6650  or  9800 

^~      «  «  + 9*826 

— -  4-  009825  •  T  *  «  " 

1000  ^  ^^''**' 

Inserting  the  values  of  x  from  0  up  to  1  in  4,  we  obtain  the  performances 
on  these  different  gradients.    These  are  shown  on  Plate  IX.  in  yellow 
and  brown  lines. 
Each  of  the  Uetliberg  locomotives,  with  3  coupled  axles,  weigh  25 

tons,  all  available  for  adhesion.     Hence  -j-  =  3*57  tons,  and  -^  =  5  tons. 

The  train  speed  on  curves  of  590  feet  radius  is  12 1  miles. 

8-57  or  600  8570  or  6000 


Hence  G  s 


+  •010725""     «  + 10-725 


1000 

Substituting  as  before  the  different  values  of  «,  we  obtain  the  blue  and 
red  curves  in  Plate  IX. 

Hence  we  observe  from  Plate  IX.  that  on  a  gradient  of  1  in  25  the 
Semmering  locomotive  (blue  line)  is  only  just  able  to  drag  itself  along, 
and  on  steeper  grades  it  cannot  even  do  that. 

On  Plate  IX.  by  marking  off  the  ordinates  on  the  right  hand  rertical 
line,  and  from  it  towards  the  left  hand  marking  the  abscissfle  on  the 
upper  horizontal  line  the  gradients  increasing  from  right  to  left,  we  obtain 
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canres  showing  the  ratio  of  the  weights  drawn  to  the  weights  of  the 
locomotiTe,  the  qnotient  of  the  former  divided  by  the  latter  being  shown 
by  the  coloured  cnnres. 

Some  of  the  resnlts  of  the  readings  of  the  cnires  from  Plate  IX.  mtj 
be  shown  in  the  following  Table : — 


Weighta 

Co^-wbeel 
Locomocire 

Uetiiberg 

Looomociv* 

Trmim  foM  exehtgipt  of  {oooaofiM. 

ContiamomMlg* 

Under  fmromrmbU 
dreuauUmeu, 

50 

lin    13 

lin    10 

lin   30 

100 

lin    23 

lin    14 

lin  50 

200 

lin   50 

lin    33 

lin  100 

800 

lin   83 

lin   eO 

lin  200 

TVoni  wtighU  i»  UmucfiU  W€»ghis  of  the 

locomotioe. 

Once  its  own  weight,                             • . 

lin   6 

lin     51 

lin   40 

Fire  times  its  own  weight 

lin  201 

lin   20 

lin  200 

Ten  times  its  own  weight,                     •  • 

lin   42 

lin   44 

nowliae 

Twentj  times  its  own  weight,               • . 

lin     84 

lin  100 

nowhen 

Thirty  times  its  own  weight. 

lin    160 

lin  200 

nowhere 

A  cog-wheel  locomotive  at  Wasseralfingen  on  a  metre  gange  weighs  XL 
ions,  and  on  a  gradient  of  1  in  12|  draws  a  train  weighing  28  tons,  or 
2|  times  its  own  weight ;  whereas  an  Uetliberg  locomotive  weighing  25 
tons  on  1  in  14^  can  only  draw  a  train  of  its  own  weight. 

Wbar  of  tbbth  and  duration  op  RACK-RAIL. — The  results  obtained 
from  fourteen  cog-wheel  locomotives  show  that  in  a  locomotive  giving  a 
tooth  pressure  of  6  tons,  the  average  wear  on  the  teeth  is — 

-00000003761  of  an  inch  at  every  touch. 
The  wheel-circumference  is  10^  feet  and  the  maximum  allowable  wear 
-2358  of  an  inch,  which  wear  will  be  reached  after  the  locomotive  has 
run 

-2358  in.  X  lOMt  ^  55734330  feet 
•00000003761  in.  ^-^^^  »««•• 

=  12450  miles. 
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Experience  has  slioini  thsA  itm  ben  of  the  rack-rail  wear  out  in  the 
same  ratio  as  the  cogs  of  the  driTing-wheel ;  but  here  a  maximam  wear 
of  only  '1189  of  an  inch  can  be  allowed.  Hence  the  teeth  of  the  rack- 
bars  must  be  renewed  after 

have  passed  oyer  the  line.  'In  the  rack-rail  system  the  smooth  side  car- 
rying rails  are  not  only  cheaper  at  first  bat  also  cost  less  in  repair  than 
they  do  on  ordinary  adhesion  lines.  This  is  becanse  the  pressura  on 
them  is  never  greater  than  4^  tons,  and  because  no  break  is  ever  applied 
to  the  smooth  carrying  wheels  which  ran  on  loose  axles. 

Passenger  Carriages. — In  manufacturing  these  every  care  was  taken  to 
reduce  the  weight  of  each  carriage,  and  tliis  has  been  done  although  each 
carriage  possesses  a  cog-wheel  brake.  On  ordinary  adhesion  lines  a 
carriage  on  two  axles  weighs  at  least  440  0)8.  dead  weight  per  seat,  and 
sometimes  as  much  as  911  lbs.  But  on  the  Yitznau  Back-Rail  Line  th^s 
dead  weight  is  only  168  and  1941)8.  FUmU  X.  gives  a  graphic  repra- 
sentation  of  the  carriage  resistances  on  one  rack-rail  and  on  three  adhesion 
lines.  The  gradients  are  drawn  as  absdsssB,  and  the  rasistances  as  ordi- 
nates.  The  right  hand  lines  give  the  resistances  per  carriage,  and  the  left 
hand  lines  those  per  seat,  in  a  similar  manner  to  PlaU  IX.  These  re- 
sistances have  been  calculated  from  the  following  formulas,  in  which  the 
weight  of  the  carriage  is  alone  taken  into  consideration,  the  other  resist- 
ances being  almost  identical  in  the  four  cases  which  aro  compared. 

Resistance  made  by  weight  10  s  P  x  a;  lbs ■. (i), 

and  No.  of  lbs.  pulling  on  each  seat  a  =s     r*     (ii), 

wfaera  P  ss,  weight  of  empty  carriages  in  lbs., 

X  =  the  gradient, 

Z  =  the  number  of  seats  in  each  carriage. 

Applying  these  formulas : — On  a  rack-rail  incline  of  1  in  40  a  YitEnan- 

Bigi  carriage  having  54  seats  weighing  8,860  lbs.  when  empty,  causes 

8860 

in  consequence  of  this  weight  a  resistance  of  -j?-  rs  220  lbs.  according 
to  formula  (i) ;  or  a  little  over  4  H>s.  per  seat  by  formula  (ii).  [See 
black  line  on  PlaU  X.]  A  8rd  class  carriage  on  four  axles  of  the  Swiss 
Central  Line  having  72  seata  and  weighing  when  empty  11^  tons,  or  24,750 

As.  baa  similsrly  a  rssislaoce  of  -jg-  =  618  lbs.,  or  8}  lbs.,  per  seat. 
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[5ee  red  line  on  Plate  X.]    A  doable  carriage  with  let  and  2nd  cl 
apartments  on  the  Swiss  North-East  Line  on  fonr  axles  with  52  s< 


and  a  dead  weight  of  23,050  lbs.  giyes  a  resistance  of  -^-  =  701| 

or  13^  &>s.  per  seat.    [^See  bine  line  on  Plate  X.]    A  double 
with  Ist  and  2nd  Classes  on  tbe  same  line  on  two  axles  with  26  seats 


28650 
40 


=  5i 


23,650  fi>8.  dead  weight  giyes  a  resistance  per  carriage  of 
fi>8.,  or  of  22  fts.  per  seat.    [^See  yellow  line,  Plate  X.] 

Plate  XL  illnstrates  a  Ooode*  Truck :  and  Table  IIL  gives  the  del 
and  dimensions  of  the  Boiling  Stock. 

Working  Expenses. — ^Table  IV.  gires  details  of  the  annual  worl 
expenses  of  three  of  the  Rack -Rail  Lines  in  Switzerland. 

Fuelf  Orease  and  Oil — In  1875  the  Yitznan-Rigi  Line  comsnmed 

773  tons  of  coal,  or  per  locomotiTe  mile,  • .  •  • 
^  n  cog-wheel  grease,  or  per  locomotiTe  mile, 
4f       „      engine  oil,  or  per  locomotiTe  mile,  •• 

The  moontain  portion  of  the  Arth-Rigi  Lme  consnmed 

411}  tons  of  coal,  or  per  looomotiTe  mile, 
^i      n      cog-wheel  grease,  or  per  locomotiTe  mile, 
6        „      engine  oil,  or  per  locomotiTe  mile. 

Stations. — Plate  XII.  illastrates  two  stations  of  the  let  and  2nd  elf 
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PLAN   or   OUT-HOUHt 
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No.  CCLXVII. 

LEAVES  PROM  A    CONSULTING  ENGINEER'S  NOTE. 

BOOK. 


Bt  Col.  Mkdl«t>  R.E.,  ComuUinff  Engineer  (o  QovL  for  RaUwoj/e, 


Trb  Sindh,  Puhjab  and  Dblhi  Railway. 


Tsu  Railway  rons  from  the  Ghaseembad  janction  (with  the  East  India 
Railway)  12  miles  from  Delhi,  vid  Meemt,  Sahamnpore,  UmbaUa,  Loo* 
diana,  Julluuder  and  Umritaar  to  Lahore,  and  thence  to  Mooltan,  and  on 
to  the  Shere-Shah  Gh4t  on  the  Chenab,  a  total  length  of  554  miles. 

The  Sindh  Section  comprises  only  the  line  from  Kotree  on  the  Indos  to 
Kurrachee,  a  length  of  110  miles. 

The  commonication  between  Kotree  and  Mooltan  is  for  the  present 
maintained  by  the  Indus  Steam  Flotilla,  oyer  a  length  of  575  miles  of  rirer 
navigation,  which  will  shortly  be  sapplemented  or  superseded  by  the  open- 
ing of  the  Indus  Valley  State  Railway. 

The  most  important  Engineering  works  on  the  line  are  the  bridges 
over  the  Sutlej,  Beas,  Jumna,  Markunda  and  Gnggnr. 

All  these  bridges  are  of  the  same  class,  varying  only  in  details,  consis- 
ting of  a  series  of  wrought-iron  lattice  girders,  80  to  110  feet  span,  sup- 
ported on  single  well  cylinders  12^  feet  in  external  diameter,  sunk  for  a 
depth  of  about  40  feet  in  the  sandy  beds  of  the  rivers. 

The  experience  of  several  years  has  now  shown  that  the  general  design 
of  these  structures  is  faulty,  certainly  as  far  as  the  laige  rivers  are  con- 
cerned ;  \9t^  Because  the  numerous  piers  of  the  short  qpans  obstruct  the 
waterway  too  much ;  2iu/,  Because  the  pier  cylinders  are  sunk  to  an  in* 
eoffictent  depth  and  are  not  safe  from  being  scoured  out ;  Zrd^  Because 
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the  Single  piers  are  deficient  in  lateral  stability.  Stone  in  enormons 
qaantities  has  had  to  be  used  at  a  very  high  cost,  both  to  protect  the  piers 
and  abutments,  and  in  the  construction  of  groynes  for  guiding  the  stream. 

The  country  generally  through  which  the  line  runs  is  flat  and  open ; 
between  Lahore  and  Mooltan  it  is  for  a  considerable  portion  of  the  way  a 
perfect  desert,  which  however  only  wants  water  to  produce  good  crops. 
Between  Lahore  and  Delhi  the  country  is  well  cultiyated  and  populous. 

The  Permanent  Way  consists  partly  of  iron  double-headed  reversible  rails, 
68  lbs.  to  the  yard,  and  partly  of  steel  topped  double-headed  non-rerersi- 
ble  rails,  60  fbs.  to  the  yard.  The  latter  have  not  worn  well ;  the  steel 
separates  from  the  iron  and  comes  off  in  flakes;  these  will  gradually 
be  replaced  by  solid  steel  rails.  The  sleepers  nsed  are  partly  deodar 
and  partly  Greaves*  cast-iron  pots,  which  on  this  line  have  answered 
well. 

There  is  nothing  specially  noticeable  in  the  Stations,  which  are  (like 
those  of  many  other  Indian  lines)  deficient  in  proper  accommodation  for 
the  drd  class  native  passengers.  Waiting  sheds  are  however  now  being 
erected. 

The  Locomotives  bum  coal  between  Ohazeeabad  and  Lahore;  wood 
between  Lahore  and  Mooltan.  There  is  nothing  specially  remarkable  about 
any  uf  the  Rolling  Stock,  except  the  double-storied  8rd  class  carnages  used 
for  the  Lahore  and  Umritsur  local  trains. 

The  following  figures  give  the  most  important  data  in  reference  to  the 
line,  for  the  half-year  ending  June  SOth,  1877  :— 

Total  length,  ••  ••  ..  ..  664  miles. 

Total  Cost  incladiDg  Rolling  Stock,     ..  ••  £9,558,676 

Cost  per  mile,  ••  ••  •.  ..  £14,406 

Net  profit  on  Capital  (per  cent,  per  annum)  8*4. 

For  Punjab  Section  only — Shere  Shah  to  Delhi,  554  miles. 

Receipts  for  half-year  ending  80th  June,  1877,  ••  Rs.   31,77,402 

Expenses,  ..            ..            ••            •.            ••  „     18,95»891 

Percentage  of  Working  expenaes  to  earnings,    .  •  59-6 

Cost  per  train  mile,  ..            ••            ••            ..  Ra.            8  02 

Receipts  per  mile  of  Railway  per  week,              •  •  „              220 

Mamber  of  stations,     ..            ..            .,  69 

Average  distance  apart,              ••            ..  9*6  miles. 

Number  of  LocomotiTea  actually  employed,  .    69 

.In  working  order,  jNnmberof  Passenger  carriages, . .  426 

*             )       „        „   Goods' Wagons,       ..  1,895 
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Namber  of  trains  ran  per  day  in  either  direction 


Mail,   .. 
Jjocal,  •• 

MlXM)«« 


t  • 


..  8 
..  1 


•  • 


4to6 


The  following  are  the  principal  fares  and  rates  charged  on  the  line : 

PoMtngen  per  tniie, 

Ist  class,  ..  ••  ..  ••     18pie8  =  2| 

ZnQ     If  ••  ••  ••  ••9|,     ^—  1  f 

Intermediaiej     ••  ••  ••  ••      ^i  »    =A 

3rd  class,  ••  ..  ••  3and2i„    =   Inndf^d, 

Ooods  per  mile, 

special  class,  |  pie  per  mannd,  • .  •  •    =    '85  per  too. 

1st  -      i  ..  ..••=:  1*1 


2nd 
3rd 
4Ui 


n 
n 


i 

I 

1 


«• 


•  • 


I  • 


•  • 


•  • 


•  • 


=  17 
=  23 
r=  2*8 
=  3-4 


•I 

M 
»» 
f* 
» 


Analysing  the  Receipts  for  the  half-year,  we  find  them  to  be  as  fol- 
lows:— 


Paeeengers* 


•  • 


Ist  class, 

2nd    „ 

In  teriuediatc, 

3rd  class,    .. 

I^Se<^f  (ton  miles,) 


•  • 


•  • 


Oooda. 


Spedal, 
Ist  class, 
2nd  ,, 
3rd 
4th 
5th 


•> 
If 
ft 


•  • 


•  • 


•  • 


•• 


•  » 


•  • 


•  • 


No.  carried. 

Anoniit  reoMTtd. 

as. 

0|09o 

71,496 

28,106 

88,265 

10,801 

20,956 

12,68,148 

9,81,428 

1,99,828 

54,485 

enger  was 

65  miles. 

Torn  lifted. 

Ranlpu. 

as. 

1,57,576 

7,28,136 

26,240 

2,53,242 

17,792 

2,56,780 

9,180 

1,71,685 

2,084 

48,666 

'  1,037 

25,812 

The  average  distance  travelled  by  a  ton  of  Gk>ods  was  149  miles. 
The  value  of  the  Goods  TraflBc  :  Passenger  Traffic  ::  4  :  S  nearly. 
Analysing  the  Expenditure  for  the  same  half-year,  we  find  the  division 
to  be — 


Maintenance, 
Haulage,  . , 
Working, 


as. 
7,03,234  per  mile. 

6.60,891 

6,31,766 


ti 
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The  cost  of  maiBtenanoe  wm  exoepiionably  high  doring  the  half-jrear, 
as  it  indaded  part  of  the  eharges  for  the  repair  of  a  eerioue  break  in  the 
Sutlej  Bridge. 

The  cost  of  Haulage  (t.  e,,  IiOcomoti?e  and  Carriage  expenses)  on  th» 
line  is  alwajs  high  on  aocoont  of  the  heary  cost  of  coal,  which  has  to  hm 
brought  from  a  distance  of  900  miles  by  railway. 

Working  of  course  includes  Establishment  and  Trafific  charges. 

The  principal  Staples  carried  over  the  whole  line  are  as  follows  in  order 
of  their  importance  :«- 


Food  Grsios,  •  • 
Oil-seeds, 
Piece  Qoodi,  •• 

Sngar, 

Cotton, 

Metals, 

Wool, 

Fmits,  firsih  and  dried, 

Salt, 

Hides  and  homt, 


« • 


.  • 


•  • 


•  • 


• . 


•  • 


•  • 


.  • 


TODf. 

1,80,507 
40,428 
7,466 
18,847 
7,250 
8,708 
8,988 
8,844 
8,917 
8,471 


538,059 

8,69,808 

1,68,510 

1,57,618 

1,85,867 

1,04,074 

97,041 

48,887 

48,410 

88,818 


Besides  Railway 


and  Military  Stores  to  a  large  amount. 


From  an  inspection  of  the  aboTC  data  it  may  be  noted  on  this  as  on 
other  Indian  lines-* 

ls<.^That  the  Goods  Traffic  is  more  important  than  the  IVMsenger 
Traffic.  This  is  doubtless  owing  partly  to  the  porerty  of  the  people,  part- 
ly to  the  bulk  of  the  population  being  scattered  in  villages  instead  of 
being  concentrated  in  towns,  which  of  course  is  due  to  India  being  an  agri- 
culturali  rather  than  a  manufacturing,  or  commercial,  country.  But  it  is 
also  due  to  the  fares  for  the  latter  being  comparatiTely  higher  than  the 
rates  for  the  former,  as  will  be  seen  by  a  note  further  on. 

2iul.— -The  immense  importance  of  the  8rd  class  passenger  traffic  as 
as  compared  with  that  of  the  other  classes,  the  number  of  Srd  dass  pas- 
sengers being  96  per  cent,  and  the  receipts  84  per  cent,  of  the  whole. 
This  of  course  is  only  what  might  hare  been  expected,  but  it  is  only  of 
late  years  that  it  has  been  recognised  as  a  fact  to  be  acted  upon. 

Srd.— The  very  great  importance  of  the  lowest  and  cheapest  class  of 
GK>ods  as  compared  with  the  other  classes,  the  special  or  lowest  class  fur- 
nishing 78  per  cent,  of  the  quantity  and  49  per  cent,  of  the  whole  receipts 
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from  Qoods ;  while  the  4ih  and  5th  clMsee  together,  being  the  most 
Tnioable  intrinaically,  fumiBh  lees  Uutn  2  per  cent,  in  qonntitj,  and  only  5 
per  cent,  in  eaminge,  of  the  whole.  It  will  be  seen  that  the  two  moet  im- 
portant Btaplee  are  the  Edible  grains  and  the  Oil  seeds,  both  of  which  are 
now  largely  exported  to  Europe. 

The  wheat  export  trade  has  sprang  np  suddenly  within  the  last  8  or 
4  years,  and  under  the  stamnlns  of  a  succession  of  good  harvests  here  and 
high  prices  in  Europe,  has  quite  exceeded  the  canying  capacity  of  the 
Rolling  Stock  which  is  now  being  largely  increased  to  meet  it  Of  course 
with  such  a  commodity  of  small  intrinsic  value,  and  which  has  to  be  car- 
ried 1,600  miles  to  the  sea-board,  the  margin  of  profit  is  very  small,  and 
any  rise  in  the  price  here,  or  fall  in  the  price  in  Europe,  at  once  affects 
the  trade  very  sensibly.  The  area  of  land  suitable  for  wheat  cultivation 
in  the  Punjab  may,  however,  be  almost  indefinitely  extended ;  both  climate 
and  soil  are  favourable ;  water  is  the  one  thing  needed,  and  it  is  to  be  hoped 
that  the  oonstruotion  of  Irrigation  canals  down  the  centres  of  the  Doabs 
will  not  be  much  longer  delayed.  That,  and  the  immigration  of  some  of  the 
surplus  population  from  the  more  densely  populated  parte  of  the  country, 
^pear  to  be  the  true  remedies  against  future  famine.  The  expenditure  of 
large  sums  in  irrigation  works  where  the  population  is  already  too  dense  ap- 
pears to  be  a  mistake,  as  it  is  a  direct  stimulus  to  still  greater  fecundity. 

India  being  a  poor  country  and  the  importence  to  the  Bailway  of  the 
poorest  items  of  Passenger  and  Gk>odB'  traffic  being  now  conclusively  proved 
by  the  experience  of  all  the  Indian  lines,  it  is  good  policy  to  accept  these 
facte  and  do  all  that  is  possible  to  encoursge  such  traffic  so  as  to  make  up 
by  number  and  quantity  what  is  lost  in  intrinsic  value.  This  considera- 
tion points  to  what  are  now  pretty  well  recognised  as  the  principles  on  which 
the  administration  of  an  Indian  Railway  should  be  constructed  :-^ 

1 W.—- Cheapness  of  fares  and  rates,  for  the  people  and  goods'  carried  are 
both  essentially  poor. 

2fuf.— Cheapness  of  carriage  to  the  rail  by  the  construction  of  good 
roads  or  branch  lines. 

Zrd, — Adaptation  of  stations,  carriages  and  the  train  service  generally 
to  the  wanto  and  circumstances  of  the  great  bulk  of  the  population. 

4M.*--Speed  is  so  subordinate  in  importance  to  economy  of  transit,  espe- 
cially where  fuel  is  so  dear,  that  it  may  be  said  it  should  practically  be 
regulated  simply  by  the  carrying  capacity  of  the  line. 
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1st  and  2iid  class  passenger  traffic  is  carried  at  little  if  any  profit. 
The  number  of  Ist  class  passengers  is  not  snsceptible  of  macb  increase  or 
decrease,  and  the  fares  and  accommodation  provided*  must  be  settled  bj 
other  considerations  than  those  which  obtain  for  the  3rd  class.  This  is 
not  so  much  the  case  with  the  2nd  class,  which,  it  is  believed,  might  be  con- 
siderably increased  on  most  lines  by  some  reduction  of  fares ;  it  is  certain- 
ly more  elastic  than  the  Ist  class.  There  appears  however,  to  be  no  ade- 
quate reason  for  the  very  great  difference  of  fare  at  present  charged  to  Ist 
and  2nd  class  passengers  respectively,  when  there  is  so  little  difference  in 
the  accommodation  provided. 

The  tendency  of  late  years,  after  considerable  discussion  of  the  subject 
of  Srd  class  fares,  has  been  to  fix  the  lowest  possible  rates.  It  is  now 
pretty  well  recognized  that  the  difference  in  value  of  money  in  the  two 
countries  is  so  great  that  what  would  be  a  very  low  mileage  rate  for  an  Eng- 
lish labourer  or  mechanic  might  easily  be  a  very  high  rate  for  an  Indian 
coolie  or  mistree,  and  that  when  the  average  distance  to  be  travelled  U 
taken  into  consideration,  sach  a  rate  would  be  positively  prohibitory.  The 
rate  generally  adopted  on  the  State  lines  is  2  pies  per  mile,  and  it  should 
certainly  be  looked  upon  as  a  maximum.  If  the  bulk  of  the  population  is 
to  be  induced  to  travel,  and  if  they  do  not,  very  few  of  the  lines  can  pay — 
then  a  1  pie  ratef  will  eventually  have  to  be  adopted. 

If  a  6  ton  wagon  load  of  grain  can  be  hauled  for  a  mile  at  a  fair  profit 
for  6  pies  per  ton  mile,  it  is  evident  that  a  carriage  load  of  50  passengers 
can  be  hauled  the  same  distance  at  a  greater  profit  for  1  pie  per  passenger, 
for  the  latter  requires  less  weight  to  be  hauled  and  costs  less  to  handle. 
No  Indian  Railway  should  lose  sight  of  the  fact  that  passenger  traffic 
pays  far  better  than  Goods,  but  like  the  latter,  it  can  only  be  secured  by 
excessively  cheap  rates. 

Much  has  been  done  of  late  years  to  facilitate  the  convenience  of  tra- 
velling to  the  only  paying  class  of  passengers.  They  are  generally  treat- 
ed with  civility  and  consideration  and  most  of  them  have  now-a-days  be- 
come experienced  travellers,  alive  to  their  rights  and  well  able  to  take  care 

*  Among  othmr  improTvmenta  Utely  introdaoed  (on  thii  pftiticnlu'  line  at  leMt)  may  Im  men* 
tioned  tbe  adoption  of  pnnkahii  in  fint  claas  caniagee.  The  pnnkah  bar  rnns  the  whole  length  of 
the  carriage  and  U  made  to  oeeillate  by  a  simple  crank  and  lerer,  worked  by  a  oooUe  eeated  either 
in  an  end  compartment,  or  on  a  railed  platform  onteide  one  end  of  the  Tehide. 

f  That  many  traTellera  etiU  go  long  dittanoei  on  foot  om  the  roedt  parallel  to  the  railwayt, 
Bimply  becaoM  they  cannot  afford  to  pay  the  preiant  fares,  may  easily  be  ascertained  tqr  ofasenration 
and  enquiry ,  and  so  long  as  this  is  the  case,  it  is  reasonable  to  conclude  thst  the  present  fares  are 
too  high. 
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of  themselrea.  Comfortable  Waiting  Sheds  are  now  provided  on  most  of 
the  Hues.  Water  and  refreshments  are  available  at  the  Stations,  the  car* 
riages  are  seldom  overcrowded  and  are  fairly  lighted,  and  separate  ones  are 
provided  for  the  women.  Something  still  remains  to  be  done  in  facilitating 
the  procuring  of  tickets,  the  ingress  and  egress  into  and  out  of  trains,  and 
such  arrangements  as  will  induce  the  better  class  of  natives  to  pay  some- 
what more  for  better  accommodation  than  the  million. 

Much  also  remains  to  be  done  in  devising  a  better  form  of  carriage  for 
3rd  class  passengers,  those  at  present  in  use  being  ill-adapted  to  their 
purpose  by  reason  of  their  utter  want  of  convenience  for  the  offices  of 
nature,  which  on  a  long  journey  is  a  serious  matter.     It  is  submitted  that 
the  American  form  of  carriage,  with  end  doors  and  platforms  and  a  cen- 
tral passage,  is  the  only  one  yet  devised  to  meet  this  want,  and  that  on 
this  and  on  other  grounds  its  adoption  is  deserving  of  serious  cotisideration* 
The  arrangements  for  issuing  tickets,  especially  during  great  rushes  of 
traffic,  are  still  very  defective ;  and  by  causing  great  delay  and  discomfort 
to  travellers  must  to  a  certain  extent  choke  off  traffic.     Something  has 
been  done  on  the  Sindh,  Punjab  and  Delhi  Railway  to  facilitate  matters  in 
this  respect,  by  introducing  movable  ticket  boxes  so  as  to  increase  the 
number  of  booking  places  at  stations.     But  a  simpler  and  more  effectual 
plan  would  be,  to  sell  tickets  like  postage  stamps  at  duly  registered  offices, 
which  could  be  used  on  any  day  at  the  traveller's  convenience.    The  only 
objection  made  to  this  is  the  risk  of  forgery,  but  this  objection  is  equally 
applicable  to  the  case  of  Stamps  or  Bank  Notes. 

The  great  mass  of  the  population  being  located  in  villages,  and  not 
concentrated  in  towns,  it  is  evident  that  the  Stations  should  be  corres- 
pondingly arranged,  and  that  small  stations  at  short  distances  apart  are 
required  for  the  rural  population.  To  encourage  the  local  traffic,  the 
train  service  should  be  so  arranged  that  the  villagers  can  run  up  to  the 
nearest  large  town  on  the  line  in  the  morning,  attend  the  markets  or  the 
courts  and  return  to  their  homes  in  the  evening.  This  has  lately  been 
carried  out  to  some  extent  on  the  Sindh,  Punjab  and  Delhi  Railway, 
nine  new  road  side  stations  having  been  opened  and  convenient  loeal 
trains  established  on  three  sections  of  the  line.  It  is  now  proposed  still 
farther  to  increase  the  number  of  stations ;  and  if  daily  return  tickets  at 
reduced  fares  are  issued,  it  is  probable  that  a  very  large  local  traffic  would 
spring  up. 
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In  the  Goods'  Traffic,  the  State  Railways  have  taken  the  lead  in  aimpU- 
fying  the  classification  of  goods  which  (like  the  carriages)  was  Bimplj 
copied  from  English  practice,  by  reducing  the  number  of  classes  from  G 
to  4.  And  seeing  (as  was  shown  above;  that  the  two  highest  classes  of 
Qoods  form  so  small  a  percentage  of  the  whole,  the  loss  by  transferring 
tkem  to  the  third  class  would  probably  be  more  than  recouped  by  the 
additional  quantity  carried,  while  all  simplification  of  arrangements  tends 
more  or  less  to  economy  and  increase  of  traffic. 

What  is  still  required  to  increase  and  develope  the  goods  traffic  on  as 
on  other  Indian  lines  is — laf,  An  increase  of  Rolling  Stock;  2fid,  A  pro- 
per area  of  covered  sheds  at  the  stations  so  as  to  protect  the  Goods  from 
rain  and  to  enable  the  wagons  to1)e  loaded  and  unloaded  conveniently; 
drd,  In  some  cases,  provision  of  Warehouses  where  Goods  can  be  Stored 
at  a  fixed  charge,  while  waiting  carriage  on  or  off  the  line. 

Another  measure  for  increasing  the  Goods'  Traffic  has  lately  been  initia- 
ted with  considerable  success,  and  that  is,  the  establishment  of  Railway 
Offices  in  towns  within  a  few  miles  of  the  line,  at  which  Gtoods  can  be  re« 
ceived,  booked  and  paid  for — and  from  which  they  will  be  carted  to  the 
line  by  the  Company.  It  is  hoped  that  this  system  will  sooA  be  extended 
so  as  to  include  every  important  town  within  30  miles  or  no  off  the  line. 

Of  course  the  system  might  be  extended  so  as  to  include  passengers  also, 
who  should  be  able  to  procure  their  tickets  at  these  local  offices  and  might 
be  conveyed  in  horse,  bullock  or  camel  vans  at  cheap  rates  to  the  station. 

In  order  to  develope  the  traffic  properly  on  this  Railway,  the  following 
branch  lines  would  seem  to  be  required  : — 

1. — Umritsur  to  Puthankote,  70  miles  long,  to  serve  the  trade  and 
population  of  the  Upper  Baree  Doab,  it  would  also  subserve  the  traffic 
with  the  Uill  Station  of  Dalhousie — ^and  the  produce  from  the  Kangra 
Valley  and  the  adjacent  parts  of  Kashmir. 

2. — Jullunder  to  Hoshyarpore,  25  miles  long,  bringing  the  produce  of 
the  Kangra  Valley  to  the  line. 

3. — Loodiana  to  Ferozepore,  76  miles  long,  connecting  the  line  with 
a  rich  and  populous  agricultural  district  and  with  the  important  arsenal 
of  Ferozepore. 

4.-«>Umballa  to  Kalka,  40  miles  long,  connecting  the  line  with  the 
Hindustan  and  Thibet  road  und  with  Simla. 
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Besides  these,  a  jaBctioa  with  the  Oadh  and  Robilkand  Railway,  by  a 
branch  from  Saharanpore  vid  Roorkee  to  Moradabad,  has  also  been  pro- 
posed and  will  doubtless  be  carried  out. 

Of  the  abore  four  lines,  the  3rd  has  been  already  snryeyed  and  it  is  pro- 
posed to  continue  it  by  bridging  the  Sntlej  at  Ferozepore  and  thence  effect- 
ing a  junction  with  the  Lahore  and  Mooltan  line  by  a  branch  of  25  miles 
to  Baiwind.  Much  of  the  trade  which  now  goes  down  the  Sntlej  in  boats 
would  it  is  thought  be  thus  diTerted  to  the  rail. 

It  is  believed  that  all  these  branches  (except  No.  4)  could  be  construct- 
ed as  light,  broad-guage  lines  with  45  lb.  rails  (limiting  the  speed  to 
16  miles  an  hour,)  for  £4,000  per  mile  without,  and  £5,000  a  mile  with, 
Rolling  Stock,  and  that  a  traffic  amounting  to  Rs.  120  per  mile  per  week 
could,  without  doubt,  be  secured,  which  would  pay  5  per  cent,  interest  on 
the  capital,  allowing  60  per  cent,  for  working  expenses. 

From  Lahore  northwards,  the  railway  is  continued  by  the  Pnnjab  North- 
em  State  Railway,  which  is  at  present  opened  for  a  distance  of  100  miles  to 
Jhelum  on  the  narrow  or  metre  guage,  the  rails  for  the  first  60  miles  being 
laid  on  the  Grand  Trunk  Road.  The  new  broad-gauge  line  will  however  be 
shortly  opened,  and  will  be  continued  to  Rawul  Pindee,  68  miles  further. 

The  greatest  works  in  the  Lahore  and  Jhelnm  line  are  the  bridges  over 
the  Ravee,  Chenab  and  Jhelum,  the  second  being  the  longest  in  the  world. 
They  all  consist  of  iron  lattice  girders  about  150  feet  span,  carried  on  3 
cylinder  wells  of  brick  masonry  sunk  70  feet  below  the  bed. 

The  Jhelum  and  Rawul  Pindee  line  will  also  cross  several  large  streams, 
and  the  cuttings  and  embankments  will  be  of  an  exceptionally  heavy  char- 
acter, the  gradients  being  as  steep  as  1  in  50. 

Branches  from  Lala  Moosa  (near  Goojerat)  to  Find  Dddan  Kh^n  (tlie 
famous  salt  mines)  and  thence  probably  to  Shah  pore,  and  from  Wuzeer- 
abad  to  Sealkote,  will  doubtless  before  long  be  projected. 

The  traffic  on  the  opened  portion  of  the  line  has  developed  itself  in  a 
very  encouraging  manner,  necessitating  3  long  passenger  trains  each  way 
daily,  besides  several  heavy  goods  trains.  The  cheapness  of  the  fares  ha^ 
doubtless  had  much  to  do  with  this,  the  charge  being  made  by  *' station 
distances"  and  the  average  rate  per  mile  for  a  3rd  class  passenger  being 
only  1|  pie.  1st  and  2nd  citL^n  fares  are  also  only  half  those  charged 
per  mile  on  the  Sindh,  Pnnjab  and  Delhi  Railway. 
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Beyond  Rawul  Piudee,  the  line  will  probably  eTentoally  be  contiaaed 
to  Attock  and  Peshawar,  the  present  frontier  of  the  Empire  in  this  direc- 
tion.    Beyond  Peshawur,  it  is  not  likely  that  any  line  to  Central  Asia  will 
ever  be  contemplated  owing  to  the  extraordinary  difficulties  of  the  conn  try. 
A  more  promising  line  would  appear  to  be  from  Kawul  Pindee  to  Kofaat 
(crossing  the  Indus  at  Kooshalgurh)  and  thence  vid  ThuU  to  Cabul.    Bat 
the  best  and  easiest  line  lo  Central  Asia  is  doubtless  one  from  the  Indus 
Valley  line  vid  the  Bolan  Pass  to  Kandahar  and  Heerat.     It  is  possible 
that  military  or  political  considerations  may  urge  the  construction  of  either 
of  these  lines  upon  us  sooner  than  merely  commercial  considerations  woald 
otherwise  warrant.     A  military  line  of  railway  from  Kohat  down  the  whole 
of  our  Trans-Indus  frontier  to  Bukkur  has  even  been  talked  of,  and  in  the 
event  of  a  great  frontier  war  would  doubtless  be  of  first  class  importance, 
bat  the  poverty  of  most  of  the  country  and  its  difficulty  in  an  Engineer- 
ing point  of  view,  will  probably  necessitate  its  being  deferred  for  many 
years  to  come. 

J.  G.  M. 
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SHORT  NOTES  ON  MOUNTAIN  RAILWAYS  FOR  INDIA, 

WITH  A  DESCRIPTION  OF  SEDGWICK'S  PATENT 

HYDRAULIC  LIFTS  FOR  HILL  STATIONS. 

CTl^PUte.] 


By  Caft.  W.  Sbdowick,  R.E.,  Temporary  Depj/.  ConsuUinff  Engineer 
for  OfMranteed  RaUwaj/a. 


Thx  BQbject  of  Mountain  Railways  shoald  be,  for  many  reasons,  an 
intereeting  one  to  people  in  India. 

FirBty  becaase  all  who  have  been  in  the  hills  must  hare  felt  the  in- 
cony  enience  of  onr  present  primitiye  modes  of  conveying  passengers  and 
Inggage  between  the  plains  and  hill  stations,  since  these  modes  of  con- 
veyance by  their  roughness  entail  a  great  amount  of  discomfort  upon  all 
traTellers  to  the  hills,  and  by  their  slowness  and  costliness  oblige  us  to 
abandon  the  bright  and  pleasant  inner  ranges  of  the  Himalayas,  and  to 
place  cur  hill  sanitaria  on  the  outer  ranges  where,  whenever  rain-falls, 
they  are  enveloped  in  the  mists  which  roll  up  from  the  plains,  and  are 
cheerless  and  gloomy  in  the  extreme.  With  the  introduction  of  Mountain 
Railways  which  can  run  straight  up  any  hill  side,  can  penetrate,  by  going 
up  and  down  across  intervening  ridges,  to  any  distance  into  the  interior, 
and  can  bring  the  magnificent  sites  in  the  interior  of  the  Himalayas 
within  a  few  hours'  journey  of  the  plains,  residence  in  the  hills  would  lose 
most  of  its  inconveniences,  and  would  become  much  more  enjoyable  and 
more  invigorating  than  it  is  now. 

Secondly^  because  there  are  now  in  the  Himalayas  and  other  hill  ranges, 
locked  up  for  want  of  the  cheap  and  quick  means  of  transport  which 
Mountain  Railways  alone  can  supply,  sources  of  wealth,  practically  inex- 
haustible, in  the  shape  of  large  tracts  containing  valuable  minerals  now 
untouched,  of  splendid  forests,  containing  timber  of  great  value  for  all 
purposes  in  which  woodwork  is  used,  now  left  to  rot  on  the  hillside,  and 
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of  millions  of  acres  of  ground  now  nncultirated  on  which,  if  areas  for 
forest  reserves  were  set  aside,  stock  and  crops  of  all  kinds  could  be  ridsed 
in  abundance,  and  work  be  found  for  all  comers.  For  on  the  hills  in 
India  climates  and  soils  of  all  kinds  can  be  found ;  the  temperature  yaries 
from  Arctic  cold  on  some  of  the  hill  tops  to  Tropical  heat  in  the  valleys ; 
the  rain-fall  from  10  or  20  inches  in  the  inner  ranges,  and  in  the  north- 
west to  600  inches  on  ranges  facing  the  ocean  and  towards  the  north- 
east ;  and  the  soil  from  clay  or  rich  vegetable  mould  to  light  sand. 

Thirdly f  because  while  there  is  a  dearth  of  labour  in  the  hills,  there 
are  in  the  plains  poor  Europeans  and  Eurasians  in  plenty  wanting  work, 
and  natives  in  millions  who  are  now  in  many  districts  pressing  so  hardly 
upon  the  soil  that  if  the  principal  crops  fail  but  for  one  year  a  famine  is 
ine^table,  and  for  these  districts  consequently  further  outlets  for  emigra- 
tion are  urgently  required,  the  more  so  because  the  famine  relief  policy 
now  inaugurated  by  Government  must  tend  to  increase  the  population 
in  over-populated  districts  without  proportionately  increasing  the  means 
of  production.  If  the  hills  were  opened  up  by  Mountain  Railways, 
settlers  would  be  able  to  find  markets  for  their  surplus  produce,  and  we 
should  be  able  to  encourage  poor  Europeans  to  come  to  India  instead  of, 
as  now,  deporting  them  ;  for  then  every  additional  European  settled  in  the 
hills  would  be  an  addition  to  our  strength,  by  facilitating  the  formation 
of  a  body  of  militia  or  Tolunteer  reserves.  Also  with  the  hills  opened 
up  there  would  be  food  and  work  in  the  warm  valleys  and  on  the  lower 
slopes,  where  irrigation  from  mountain  streams  can  always  be  practised 
for  any  number  of  natives  from  over-populated  or  distressed  districts,  and 
fodder  and  grazing  ground  for  cattle. 

A  famine  relief  policy  must  tend  to  make  famines  more  and  'more 
frequent  in  occurrence,  and  therefore  such  a  policy  must  in  the  end,  from 
very  costliness,  give  way  to  a  famine  prevention  policy.  An  old  proverb 
says,  *'  prevention  is  better  than  cure,"  and  it  is  plain  that  money  spent 
simply  in  famine  relief  must  tend  to  impoverish  the  country,  while  money 
rightly  spent  in  famine  prevention  must  tend  to  enrich  it  by  increasing 
its  productiveness,  directly  or  indirectly.  As  the  rains  do  not  fail  alto- 
gether on  the  higher  hills  in  seasons  of  drought  as  they  do  in  the  pluns, 
it  is  clear  that  the  hills,  if  opened  up,  will  be  able  to  play  a  very  impor- 
tant part  in  famine  prevention  as  well  as  in  famine  relief. 

Lastly,  because  we  have  in  India  a  splendid  European  army  now,  scat- 
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iered  over  the  plains,  where  its  ranks  are  thinned  abnormallj  by  death  and 
by  invaliding ;  whereas  if  Mountain  Railways,  in  connection  with  Branch 
Railways  already  constructed  or  projected,  were  introduced,  we  should  be 
able,  provided  that  workshops  and  other  important  points  on  our  railways 
were  held  by  detachments  of  European  troops  in  fortified  posts,  to  con- 
centrate to  a  great  extent  our  European  army  in  strong  positions  in  the 
bills,  where  the  men  could  be  kept  in  vigorous  health  (medical  statistics 
have  shown  that  European  soldiers,  if  given  healthy  employment  in  the 
hills,  will  enjoy  as  good  health  in  India  as  in  any  other  country  in  the 
world),  and  whence  we  should  be  able  to  strike,  in  the  event  of  any  dis* 
turbance  occurring,  Tigorous  blows  at  once  at  any  points  threatened,  and 
should  not,  as  perhaps  might  be  the  case  now,  have  to  waste  precious  time 
in  collecting  a  scattered  force.     The  danger  of  a  disturbance  on  an  exten- 
sive scale  occurring  is  doubtless  not  very  great  just  now  ;  but  it  may  be 
possible  that  the  present  generation  of  natives  do  not  look  on  our  rule  as 
such  an  unmixed  blessing  as  the  last  one,  more  familiar  with  the  oppres- 
sion and  misrule  which  preceded  our  advent,  did ;  and  it  is  certain  that 
few  naiires  now,  except  bankers,  bunneahs,  and  other  kindred  spirits,  have 
much  to  lose.     Hence  when  Russia  gets  near  enough  to  India  to  send 
her  emissaries  over  it,  it  is  not  likely  that  India  will  remain  quiet  as  it 

is  now. 

However,  it  is  not  to  be  supposed  that  Oovemment  can  afford  to  lay 
out  all  at  once  large  sums  in  building  new  barracks,  forming  military 
settlements,  &o.  &c.,  in  the  hills,  but  our  many  flourishing  stations  and 
tea  and  coffee  plantations  in  the  hills  show  clearly  that  if  Government 
were  to  open  out  gradually  main  lines  of  communication  with  the  most  im- 
portant of  the  hill  districts,  private  enterprise  would  not  be  backward  iu 
completing  the  opening  up  of  the  districts.  Hence  if,  in  addition  to  con- 
strncting  Mountain  Railways  at  a  few  places  where  they  are  most  wanted, 
any  new  barracks  required  for  our  troops  were  in  future  built  in  selected 
positions  in  the  hills  instead  of  in  the  plains,  the  rest  would  follow  in 
time  when  the  revenue  is  increased,  as  it  must  be,  by  revenue  from  the 
districts  opened  out  in  the  hills. 

It  is  plain,  then,  that  useful  employment  could  be  found  for  Mountain 
Railways  in  India ;  it  remains,  therefore,  to  show  that  such  railways  can 
be  cheaply  constructed,  and  cheaply  and  safely  worked.  And  in  doing 
this,  experienced  gained  on  Mountain  Railways  in  other  countries  can  be 
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aytiled  of,  for  the  subject  of  Monntam  RailwajB  has  attracted  a  great  deal 
of  attention  in  Europe  and  America  within  the  last  ten  years,  and  many 
sach  railways  have  been  constructed  on  several  systems,  some  of  them 
with  complete  success,  both  from  a  mechanical  and  from  a  financial  point 
of  view.  The  different  systems  of  Mountain  Railways  now  in  use  may 
be  grouped  under  two  classes ;  Jirst^  Mountain  Railways  with  locomotiyes ; 
and  aecandf  Mountain  Railways  with  ropes. 

But  in  a  country  such  as  India,  which  though  populous  and  natu- 
rally fertile  is  yet  now  in  a  very  poor  and  backward  state  mainly  for  want 
of  facilities  for  communication  between  its  labour  producing  districts  and 
Its  districts  where  labour  is  scarce,  and  for  want  of  cheap  and  quick  means 
of  carriage  for  its  surplus  produce,  where  consequently  cheapness  is  in  all 
undertakings  a  most  important  consideration,  and  cheap  carriage  a  vital 
necessity  and  where  water  power,  which  on  a  hill  side  is  just  as  effectire 
as  steam  power,  can  be  cheaply  worked  and  cheaply  obtained,  wherever 
•  there  are  hills  by  constructing  tanks  or  diverting  streams,  it  would  seem 
unreasonable  to  propose  to  use  a  power  such  as  steam,  the  employment  of 
which  involves  heavy  outlay  in,construction  and  heavy  working  expenses. 
We  may  therefore  dismiss  from  consideration  with  a  brief  notice  the  sys- 
tems of  Mountain  Railways  worked  by  Locomotives,  with  which  Water 
Power  cannot  be  used  and  against  which,  for  use  on  hills  in  India,  as  will 
be  seen  hereafter  at  page  21,  more  formidable  objections  even  than  costii- 
ness  exist,  and  confine  our  attention  principally  to  the  systems  of  Moun- 
tain Railways  worked  with  Ropes  on  which  Water  Power  can  be  employed. 

We  note,  therefore,  that  there  are  two  systems  of  Mountain  Railways 
worked  by  locomotives  in  use,  ?iz.,  the  Rigi  and  the  Fell,  both  of  which 
require  a  central  rail  of  a  peculiar  form  in  addition  to  a  pair  of  ordinary 
rails,  involving  great  expenditure  in  the  construction  of  the  railroad.  In 
the  Rigi  system  the  central  rail  is  in  the  form  of  a  rack  or  ladder,  and 
the  locomotives  have  cogged-driving  wheels  which  engage  in  the  rack  or 
ladder,  and  thus  force  the  locomotive  to  ascend  the  incline  on  which  the 
rails  are  laid.  The  Rigi  Railway  opened  in  1871  was  the  first  railway  of 
importance  constructed  on  this  system,  it  is  3^  miles  long,  has  maximum 
gradients  of  1  in  4,  is  worked  at  a  speed  of  8  or  4  miles  an  hour,  and 
cost,  when  completed,  about  £26,400  per  mile. —  Vide  Proceedings  of 
Institute  of  C.  E.,  Vol.  86,  page  108;  and  Roorkee  Professional  Papers 
on  Indian  Engineering,  Second  Series,  Vol.  6,  page  227. 

160 


8HOBT   SOTSS   ON    HOCMTAIN    BA1LWAT8    FOR    INDIA,    8T0.  5 

In  the  Fell  system  the  central  rail  is  raised  above  the  side  rails  and  is 
gripped  by  pairs  of  horizontal  wheels.  The  bite  of  the  horizontal  wheels 
increases  the  adhesion  snfficiently  to  enable  an  engine  weighing  80  tons 
to  take  a  gross  load  of  52  tons  up  an  incline  of  1  in  12,  at  a  speed  of  10 
or  12  miles  an  honr.  This  system  was  6r6t  used  at  the  Mont  Cenis^ 
temporary  summit  line  opened  in  1867,  which  had  maximum  gradients 
of  1  in  1 2,  and  was  laid  on  an  existing  carriage  road  at  a  cost  of  about 
J&7,000  per  mile. — See  Proceedings  of  Institute  of  C.  E.,  Vol.  26,  page 
813;  also  Eoorkee  Professional  Papers  on  Indian  Engineering,  page 
272,  Vol.  4,  Second  Series. 

We  can  now  tarn  our  attention  to  Mountain  Railways  with  ropes,  of 
which  there  are  two  systems  in  use ;  firBty  railways  with  ropes  worked  by 
stationary  engines,  with  which  loads  can  be  run  both  up  and  down  inclines ; 
and  secondy  railways  with  ropes  worked  by  self-acting  inclines,  which  are 
need  only  to  run  loads  down  inclines. 

With  railways  with  ropes  and  stationary  engines  the  carriages  are 
attached  to  a  rope  which  is  coiled  round  a  large  drum  driven  by  a  sta- 
tionary  engine ;  by  causing  the  drum  to  rerolre  the  carriages  are  wound 
up  or  lowered  down  an  incline.  The  stationary  engine  can  be  placed 
either  at  the  top  or  the  bottom  of  the  incline. 

The  most  important  railways  recently  constrncted  on  this  system  are 
the  following,  viz.  :— 

First, — The  Leopoldsberg  Railway  near  Vienna,  which  has  a  rise  of 
1,125  feet  in  a  length  of  2,878  feet,  and  consequently  an  average  gradient 
of  about  1  in  2.  On  this  railway  a  passenger  car  of  two  stories,  capable 
of  carrying  100  persons,  is  attached  to  each  end  of  a  steel  wire-rope,  and 
in  addition  to  the  drawing-rope  a  second  rope  of  the  same  strength  as  the 
drawing-rope  is  attached  to  the  carriages  and  passed  round  a  large  dram 
at  the  head  of  the  ipcline ;  if  the  drawing-rope  breaks  the  second  rope 
holds  the  carriages  until  they  are  brought  to  a  standstill.  This  railway 
commenced  working  in  1873,  and  is  said  to  have  conveyed  800,000  per- 
sons in  100  working  days.-»  Ft<3?e  Proceedings  of  the  Institute  of  C.  E., 
Vol.  41,  page  274. 

Second. — TKe  Kahlenburgh  Rope  Railway  in  the  environs  of  Vienna, 
opened  during  the  Vienna  Exhibition,  with  maximnm  gradients  of  1  in  8. 
This  line  is  said  to  have  been  a  favourite  resort  for  visitors  during  the 
exhibition,  and  to  have  carried  as  many  as  5,000  persons  in  a  day.     It  is 
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stated  that  the  Austrian  Goyernment  before  thej  allowed  this  railway, 
and  also  a  Rope  Railway  constructed  previously  at  Buda,  to  be  opened,  had 
the  wire-drawing-rope  cut  while  the  carriages  were  in  motion  on  the  in- 
cline sereral  times,  and  that  each  time  the  rope  was  cut  the  carriages 
were  stopped  immediately  by  their  breaks. 

Third, — The  Ofner  Railway,  opened  for  traffic  in  1869,  with  a  gradient 
of  1  in  1*6,  equivalent  to  an  incline  of  32  degrees. 

Fourth. — The  Croix  Rousse  Rope  Railway  near  Lyons,  which  has  a 
uniform  rise  of  1  in  625,  and  a  total  vertical  height  of  230  feet.  On 
this  railway  a  train  of  three  cars,  carrying  a  total  of  320  passengers,  is 
attached  to  each  end  of  the  rope.  The  carriages  are  provided  with  a 
clip-break  which,  by  gripping  the  head  of  the  rail,  prevents  the  wheels 
from  sliding.  It  is  said  that  30,000  passengers  are  often  carried  in  one 
day  on  this  line. —  Vide  Proceedings  of  Institute  of  C.  £.,  Vol.  41,  page 
275. 

Fifth, — The  Rope  Railway  at  Pittsburg  in  America,  which  has  an 
average  rise  of  1  in  1*72,  equivalent  to  a  slope  with  about  30  degrees  of 
inclination  to  the  horizon  and  a  vertical  height  of  364  feet.  The  carri- 
ages on  this  line  travel  at  the  rate  of  9  miles  an  hour. 

Sixth, — The  mountain  section  of  the  Sao  Paolo  Railway  opened  ia 
1869,  with  gradients  of  1  in  0*75,  and  a  total  rise  of  2,250  feet :  curves 
with  radii  of  30  to  80  chains  are  used  on  this  line  which  is  worked 
by  steel  wire-ropes,  and  has  clip-breaks  of  a  peculiar  form  for  gripping 
the  top  of  the  rail.  The  breaks  consist  of  clips  in  the  form  of  pairs  of 
huge  pincers,  opened  and  closed  by  a  bar,  with  a  wheel  handle  attached 
to  it,  and  with  right  and  left  screw  threads  alternately  on  its  surface » 
the  bar  is  passed  through  holes  tapped  with  right  and  left  screws  alter- 
nately in  the  top  of  the  lever  arms  of  the  pincers,  and  four  turns  of  the 
bar  cause  the  pincers  to  grip  the  rail.  The  break  arrangement,  when  not 
in  use,  is  suspended  in  guides  over  the  rail  by  a  counterpoise,  and  when 
required  for  use  is  lowered  on  to  the  rail  by  the  pressure  of  the  foot  on  a 
treadle.  Round  steel  wire-ropes  are  found  to  last  two  years  on  this  line. 
The  ropes  are  supported  on  rollers  fixed  to  the  sleepers  at  intervals  of  ten 
yards  on  the  straights,  and  of  five  or  seven  yards  on  curves.  It  is  stated 
that  a  rope  broke  once  during  the  first  five  years  after  the  line  was  con- 
structed, and^-tiij^t  a  goods'  train,  which  was  within  one  hundred  yards  of 
the  top  of  one  of  the  inclines  at  the  time  the  rope  broke,  was  pulled  up 
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on  that  occasion  in  a  distance  of  66  feet  without  any  accident. —  Vide  Pro- 
ceedings of  Institate  of  C.  E.,  Vol.  80,  page  29. 

Seventh. — The  Lausanne  and  Ouchy  Bailway,  4,950  feet  long,  with 
maximnm  gradients  of  1  in  9,  worked  by  a  wire-rope  which  has  a  Irain 
attached  to  either  end  of  it,  and  is  passed  twice  round  a  drum  placed 
below  the  lerel  of  the  rails  and  driven  by  two  brass  Girard  Turbines  work- 
ing under  a  head  of  893  feet  of  water. — Vide  page  250,  Vol.  50  of  the 
Proceedings  of  the  Institution,  C.  E.,  Part  14,  Session  1876-77. 

It  will  not  be  out  of  place  to  add  that  a  self-acting  clip-break,  siooilar  to 

the  one  in  use  on  the  Sao  Paolo  Railway,  is  used  on  a  short  railway  worked 

by  a  wire-rope  with  a  gradient  of  1  in  1  J,  and  an  incline  of  8,800  feet 

in  length,  leading  down  to  the  Botallack  mine  in  Cornwall.     In  this  case 

the  tail  end  of  the  rope  is  attached  to  a  draw-bar,  and  if  the  rope  breaks 

a  spring  causes  the  clip  to  grip  the  rail ;  the  pressure  can  be  increased,  if 

necessary,  by  the  man  in  charge  of  the  train  with  the  aid  of  a  lerer.     It 

is  stated  that  the  rope  has  broken  on  two  occasions  during  a  period  of 

seven  years  since  these  breaks  were  fitted,  and  that  on  both  occasions  the 

wagons  were  brought  up  immediately  by  the  breaks  without  accident 

and  without  difficulty.     On  this  railway  iron  wire-ropes  are  said  to  stand 

eight  years'  continuous  wear. —  Vide  Proceedings  of  the  Institute  of  0.  E., 

Vol.  30,  page  74. 

It  may  also  be  added  that  at  the  Adalbert  Shaft  of  the  Pribram  mine 
in  Bohemia  a  stationary  engine  raises  loads  of  one  ton  each,  exclusive  of 
the  weight  of  the  cage,  from  a  depth  of  8,678  feet  in  one  stage  with  a 
steel  wire-rope.  About  112,000  trips  are  made  annually  at  a  speed  of 
nearly  14  miles  per  hour,  and  the  ropes  are  found  to  stand  two  years' 
continuous  wear.*— Ft(f€  Proceedings  of  Institute  of  C.  E.,  Vol.  41, 
page  270. 

Bope  Railways  with  self-acting  inclines  have  long  been  in  use  at  mines 
or  quarries  on  hillsides.  With  this  system  the  carriages  are  attached  to 
an  endless  rope  passed  round  drums  at  the  top  and  bottom  of  an  incline, 
and  supported  throughout  its  length  on  rollers  or  pullies.  Wagons  loaded 
at  the  top  of  the  incline  descend  the  incline  by  gravity,  and  in  their 
descent  draw  empty  wagons  attached  to  the  other  side  of  the  rope  up  the 
incline. 

The  most  important  railway,  of  recent  construction,  worked  on  this 
system,  ia  the  one  opened  in  1878  to  connect  the  Styrian  Iron  Company's 
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mine  on  the  Eisenerz  Mountain  with  the  Eisenerz  Railway.  The  serend 
workings  of  the  mine,  of  which  the  top  one  is  2,016  feet  abore  th« 
Railway  Station,  are  connected  by  a -series  of  self-acting  inclines  Tarying^ 
from  18  to  20  degrees  in  inclination  to  the  horizon,  and  by  a  length  of 
almost  level  line  with  the  Railway  Station  at  Eisenerz.  The  wagons 
which  ran  on  the  lerel  portion  of  the  line  weigh  about  1-^  tons  each 
when  empty,  and  carry  loads  of  2^  tons.  The  wagons  are  loaded  at  the 
top  of  the  inclines,  ar.d  are  lowered  one  at  a  time  in  a  horizontal  position 
on  platform  wagons  which  run  on  the  inclines  only.  The  wagons  are 
drawn  by  horses  on  the  level  portion  of  the  line.  The  inclines  are 
laid  with  iron  rails  weighing  27  lbs.  to  the  jard.  The  speed  of  the  wagons 
on  an  incline  is  regulated  by  a  self-acting  air-break,  consisting  of  a  three- 
armed  fan  with  flat  wooden  blades  connected  with  the  main  drum  of  the 
incline  in  such  a  way  that  the  fan  makes  128  reyolutions  to  each  rcTO- 
lution  of  the  drum.  The  resistance  offered  by  the  air  to  the  passage  of 
the  blades  of  the  fan  through  it  increases  rapidly  with  any  increase  of 
speed,  and  thus  the  fan  is  able  to  absorb  any  excess  of  power  in  the  des- 
cending wagon  and  to  check  undue  acceleration  of  speed.  In  addition  to 
the  air-breaks  there  are  lerer-breaks  on  the  drums.  The  ropes  are  of  steel 
wire.  The  wagons  travel  on  the  inclines  with  an  arerage  speed  of  4  miles 
an  hour.— -FiVf«  Proceedings  of  Institute  of  C.  E.,  Vol.  43,  page  406. 

From  the  foregoing  examples  of  Rope  Railways,  all  of  which,  though 
recently  constructed,  hare  been  successfully  worked,  we  learn  that  there  is 
no  practical  difiSculty  in  constructing  or  working  Rope  Railways  of  any 
form  with  inclines  of  30  degrees  of  inclination  to  the  horizon. 

Second. — ^That  if  the  loads  to  be  rused  are  limited  to  one  ton  each 
they  can  be  taken  up  a  hill  3,000  feet  high  by  a  steel  wire-rope  in  one 
stage. 

Third. — ^That  Steel  wire-ropes  will  stand  two  years'  continnoua  wear. 

Fourth. — That  accidents  are,  at  all  events,  not  more  likely  to  occur  on 
Bope  Railways  than  on  other  railways.  For  experience  has  shown  that, 
if  proper  break  appliances  are  provided,  trains  can  be  stopped  at  once 
in  the  erent  of  the  ropes  breaking,  and  the  rope  attachment  itself  is  a 
safeguard  against  many  classes  of  accidents  to  which  trains  with  other 
systems  are  liable.     This  question  will  be  moje  fully  discussed  hereafter. 

Fifth. — ^That  Rope  Railways  need  not  necessarily  be  straight. 

Now,  it  is  plain  that  both  systems  of  Mountain  Railways  with  ropes 
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can  be  woriced  Mritb  water ;  for  wtter  or  turbine  wheels  oan  take  the  place 

of  steam  engines  in  the  system  worked  by  stationary  engines,  as  is  done 

on  the  Lausanne  and  Ooohy  Railway,  described  at  page  7,  and  water  can 

take  the  place  of  any  other  load  in  the  system  worked  by  self-acting  in* 

clines.    Howerer,  water  or  tarbine  wheels  require  a  large  supply  of  water, 

hence  Hope  Railways  with  stationary  engines  worked  by  water  can,  as  a 

general  rule,  only  be  used  in  Tslleys,  or  on  the  lower  slopes  of  hills,  where 

an  abundant  supply  of  water  can  always  be  obtained,  and  the  system  of 

Rope  Railways  worked  by  self-acting  inclines  is,  in  its  present  stage  of 

development,  unsuited  for  lines  where  loads  of  Tariable  weights  have  to  be 

carried  up  as  well  as  down,  and  traffic  of  all  kinds  has  to  be  acconmiodated« 

For  Mountain  Railways  for  general  use  in  the  hills  in  India  a  system 

18  required  which  can  be  worked  with  a  small  expenditure  of  water,  and 

can  take  loads  of  variable  weights,  of  passengers  or  goods,  uphill  as  well  as 

downhill,  and  it  is  to  supply  this  want  that  Sedgwick's  Patent  Hydraulic 

Lifts  for  hill  stations  have  been  designed. 

StdgwkVs  PaUtU  HydrauUc  Lifts  far  Hill  Staii(m8.—1lhtBe  Lifts 
are  worked  on  the  principle  of  the  Rope  Railway  with  self-acting  inclines 
already  described,  but  in  place  of  carriages  or  wagons  of  the  ordinary  pat- 
tern being  used,  the  carriages  and  wagons  for  these  Lifts  are  each  furnished 
with  tanks  (vide  P/o/e,  Figs.  1  and  2)  capable  of  holding  a  large  supply 
of  water,  and  each  tank  is  fitted  with  inlet  and  ouUet  pipes  to  enable  it  to 
be  rapidly  filled  with  water  at  stations,  or  emptied  at  any  time. 

The  carriages  are  worked  in  pairs,  each  pair  with  its  own  rope,  and  the 
two  carriages  of  each  pair,  when  empty,  are  precisely  alike  in  point  of 
weight  as  well  as  in  every  other  respect.  A  guard's  compartment  is  at- 
tached to  each  carriage ;  from  it  the  wheel  and  other  breaks  of  the  car- 
riage can  be  worked,  and  in  it  are  fixed  the  stop-cocks  of  the  outiet  pipes 
of  the  tanks  and  gauge  glasses  to  show  the  depth  of  water  in  the  tanks. 

It  is  plain  that  in  a  Rope  Railway  with  self-acting  inclines  the  up  and 
down  carriages  must  always  pass  each  other  in  the  middle  of  the  incline; 
hence  if  in  the  middle  of  the  incline  a  short  length  of  the  line  is  laid 
double  with  points  and  crossings  to  enable  the  carriages  to  get  past  each 
ether,  the  remainder  of  the  line  can  be  laid  single.  An  arrangement  of 
this  soit  has  been  adopted  on  the  inclines  of  the  Sao  Paolo  Railway, 
BiasiL— ru20  Proceedings  of  the  Institute  of  C.  B.,  Vol.  80,  page  29; 
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see  also  Fig.  4,  page  13,  which  shows  two  passing  places  on  a  Lift  with  « 
single  line  of  rails. 

The  endless  rope  of  the  Lift  must  he  fixed  so  as  to  pass  ontside  of  both 
of  the  rails  where  the  line  is  single,  and  ontside  both  of  the  ontside  rails 
where  the  line  is  doable,  as  shown  in  Fig,  4,  page  13.  The  rope  is  passed 
round  dmms  at  the  top  and  bottom  of  the  incline,  and  supported  on 
rollers  in  the  nsnal  way. 

Water  is  laid  on  to  the  Lift  by  pipes  from  a  tank  or  stream ;  it  is  not 
howeyer  absolutely  necessary  that  the  water  should  be  laid  on  to  the  top 
station  of  the  Lift ;  it  will  be  shown  afterwards  that  with  these  Lifts  car- 
riages can  be  run  up  to  the  top  of  an  incline  if  a  supply  of  water  is  arail- 
able  half  way  up  the  incline. 

To  work  a  Lift,  a  pair  of  carriages  is  placed  upon  the  incline,  and  one 
carriage  made  fast  at  the  top  of  the  incline  to  the  endless  rope  on  one 
side,  and  the  other  carriage  at  the  bottom  of  the  incline  to  the  endless 
rope  on  the  other  side.  The  maximum  loads  the  Lift  is  capable  of  rais- 
ing or  lowering  having  been  fixed,  a  load  to  be  raised  is  put  upon  the 
carriage  at  the  bottom  of  the  incline,  and  if  there  is  no  water  in  the 
tanks  of  the  carriage  a  sufficient  quantity  for  working  the  Lift  is  run  into 
them,  and  a  signal  then  made  to  the  station  at  the  top  of  the  incline.  On 
the  receipt  of  this  signal  the  guard  of  the  carriage  at  the  top  of  the  incline 
places  any  load  which  has  to  be  lowered  on  his  carriage,  and  then  pro- 
ceeds to  run  water  into  its  tanks.  When  a  sufficient  weight  of  water,  to 
counterbalance  the  weight  of  the  load  on  the  carriage  at  the  bottom  of  the 
incline  and  to  overcome  the  resistances  of  the  rope  and  of  the  carriages 
has  been  run  into  the  tanks  of  the  carriage  at  the  top  of  the  incline,  the 
carriage  descends  the  incline  by  gravity,  and  drags'the  other  carriage  with 
its  load  up  the  incline.  When  the  carriages  reach  the  middle  of  the  in- 
cline the  pointsman  at  the  doable  line  turns  one  of  the  carriages  through 
the  siding  and  allows  the  other  to  run  through  on  the  main  line,  and  thus 
the  carriages  pass  each  other.  The  tanks  of  the  carriages  must  hold 
sufficient  water  to  enable  the  Lift  to  be  worked  when  there  is  a  load  to  be 
raised  and  no  load  to  be  lowered.  When  there  is  a  load  to  be  lowered 
and  none  to  be  raised,  it  will  be  necessary,  if  the  incline  is  a  short  one 
and  the  resistance  of  the  rope  therefore  small,  sometimes  to  weight  the 
tanks  of  the  carriage  at  the  bottom  of  the  incline  with  water.  As  soon 
as  the  carriages,  respectively,  reach  the  bottom  and  top  of  the  incline  they 

16G 


SHORT    NOTiES   OK    MOUNTAIN    RAILWAYS    FOR    INDIA,   ETC.  11 

are  made  fast  and  anloaded,  and  are  then  ready  to  make  another  trip  in 
the  same  way  as  before. 

The  speed  of  the  carriages  is  regulated  simply  by  mnning  water  ont  from 
the  tanks  of  the  carriages  from  time  to  time.  To  decrease  the  speed 
water  is  run  ont  from  the  descending  carriage  by  the  guard,  and  to  in- 
crease the  speed  water  is  run  ont  from  the  ascending  carriage  by  its 
guard :  in  this  way  the  carriages  can  be  stopped  at  any  time  without 
using  tlie  breaks,  or  if  necessary  they  can  be  backed.  And  thns  in  a  very 
simple  and  effective  way  the  disturbing  influences  of  acceleration,  changes 
of  gradient  and  curves,  can  be  compensated  for,  and  any  speed  which  may 
be  desirable  can  be  attained  and  maintained  under  perfect  control. 

If  an  insulated  copper  wire  is  iutroduced  into  the  hemp  core  of  the  steel- 
wire-rope  of  the  Lift,  and  if  Telegraphic  Instruments  and  Batteries  are 
prorided  for  the  carriages,  the  guards  of  the  carriages  will  be  able  to  sig* 
Dal  by  telegraph  to  each  other  directly  at  any  time  whether  the  carriages 
are  running  or  standing.  If  the  copper  wire  extended  through  one -half 
only  of  the  line  rope,  the  earth  wires  of  the  batteries  would  be  connect- 
ed with  the  wheels  of  the  carriages,  and  the  currents  would  pass  to  earth 
through  the  wheels  and  rails;  but  if  the  copper  wire  extended  throughout 
the  whole  length  of  the  rope,  the  circuit  would  be  complete  through  the 
rope.  The  signals  to  be  transmitted  would  be  few,  simple  and  easily 
learnt.  As  the  carriages  would  be  on  a  steep  hill  side,  and  the  guards 
therefore  visible  to  each  other  throughont  the  greater  part  of  the  run, 
they  could  signal  if  necessary  to  each  other  by  flags  or  lights  if  aided  by 
signalmen  to  transmit  the  signals  at  curves  or  gradient  changing  points. 

To  enable  the  carriages  to  be  easily  started  at  the  commencement  of  a 
journey  and  to  be  brought  up  at  the  proper  place  at  the  end  of  a  journey, 
the  slope  of  the  incline  is  made  a  little  flat  at  the  bottom  station  and  a 
little  steep  at  the  top. 

Trains  of  any  size  that  may  be  required  can  be  worked  with  these  Lifts 
by  putting  a  sufficient  number  of  pairs  of  carriages,  each  pair  with  a 
separate  rope  upon  the  incline,  and  coupling  all  the  ascending  and  all  the 
descending  carriages  together. 

To  guard  against  accidents  from  the  breaking  of  the  rope  a  pair  of 
plough  anchors  with  counterpoises  will  be  fixed  in  front  of  each  carriage 
(ride  PUUej  Figs.  1  and  2)  in  such  a  way  that  when  the  drawing  rope 
is  tautened  the  anchors  rise,  and  when  the  rope  breaks  or  becomes  slack 
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the  anchors  fall  clear  of  the  ends  of  the  sleepers,  and  by  ploaghiiig  np 
the  ballast  and  the  seat  of  the  railroad  gradaally  bring  the  earriage  to  m 
standstill,  aided,  if  necessary,  by  the  breaks  of  the  carriage. 

The  carriages  are  provided  with  wheel-breaks  of  the  ordinaiy  form, 
and  in  addition,  if  required,  with  dip-breaks,  to  grip  the  top  of  the  rail, 
as  nsed  on  the  Sera  Do  Mar  inclines  of  the  Bao  Paolo  Bailway,  Brufl, 
at  the  Botallack  copper  mines,  Cornwall,  and  other  railways,  and  already 
described  at  pages  6  and  7.  These  breaks  hare  been  prored  rBpeatedlj 
to  be  capable  of  stopping  at  once  wagons  on  inclines  of  upwards  of  30 
degrees  of  inclination  to  the  horiaon,  if  the  rope  breaks. — Vide  pages  74 
and  76,  Vol.  80,  of  the  Proceedings  of  the  Institute  of  0.  £. 

In  addition  to  other  breaks  a  powerful  form  of  rope-break  can  be  pro- 
Tided,  consisting  of  a  stout  wire-rope,  with  its  ends  securely  fastened  at 
the  top  and  bottom  of  the  indine  passed  over  rollers  fixed  to  the  side 
of  the  carriage ;  between  the  rollers  on  the  carriage  the  rope  passes  dear 
oTer  two  stout  blocks  of  soft  wood  fixed  about  six  inches  apart  on  the  side 
of  the  carriage  and  under  the  short  arm  of  a  bent  lerer  fixed  on  tiie  side 
of  the  carriage  just  above  the  space  between  the  two  blocks  of  soft  wood ; 
by  elerating  the  long  arm  of  the  lever  by  a  screw  in  the  guard's  com- 
partment the  short  arm  is  depressed,  until  it  catches  the  wire-rope  and 
forces  it  down  upon  the  soft  wood  blocks ;  the  motion  of  the  carriage 
tends  to  jam  the  rope  between  the  short  arm  of  the  lerer  and  one  of  the 
blocks  of  soft  wood,  and  the  friction  thus  caused  retards  the  carriage. 
This  form  of  break  can  be  used  with  vertical  Lifts,  or  with  Lifts  with 
inclines  of  any  degree  of  steepness,  and  by  means  of  a  draw-bar  attached 
to  the  drawing  rope  and  a  spring,  can  be  made  self-acting  if  necessary. 

On  high  hills  and  on  hills  where  the  slopes  are  not  uniform  the  Lifta 
will  be  made  in  stages.  With  lifts  in  stages  the  lines  of  the  stages  will 
run  into  one  another,  and  the  drums  for  the  wire-rope  at  the  top  and 
bottom  of  the  stages  will  be  placed  below  rail  level,  so  that  a  carriage 
after  it  has  run  over  one  stage  may  be  detached  from  the  rope  of  that 
atage  and  attached  to  the  rope  of  the  next  stage,  and  in  this  way,  when 
necessary,  carriages  may  be  run  through  from  top  to  bottom  of  the  Lift 
or  vice  vered  without  being  unloaded. 

When  a  Mountain  Railway  has  to  be  taken  for  a  long  distance  aerosa 
several  ridges,  the  Loads,  to  be  sent  up  or  down,  will  be  placed  on  light 
carriages  built  for  running  on  a  level  line.    On  the  bclinea  these  car- 
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riages  will  be  nin  on  to  Pktform  Wagons  with  Tanks  (ride  Plate,  Pig.  1) 
aa  is  done  on  the  Eisenen  Railway,  described  at  page  8.  When  the  car- 
riages reach  the  top  or  bottom  of  a  ridge,  they  will  be  mn  off  the  Plat- 
form Wagon  on  to  a  length  of  leyel  Ime  and  carried  across  the  top  of  the 
ridge  or  across  the  Talley  at  the  bottom  by  attaching  a  tail  rope  to  the 
aacending  or  descending  carriage,  as  the  case  may  be,  of  either  of  the  ad- 
jacent Lifts,  and  again  rnn  on  to  a  Platform  Wagon  at  the  next  incline. 
In  this  way  the  delay  and  inconrenience  of  shifting  from  one  carriage  to 
another  will  be  aroided*  In  cases  where  the  Railway  is  carried  for  a  con- 
aiderable  distance  up  Talleys  with  easy  gradients  the  rope  can  be  worked 
as  on  the  Lansanne  and  Oachy  Railway,  described  at  page?,  by  a  Water- 
wheel  or  Tnrbine. 

To  show  how  carriages  can  be  mn  np  to 
the  top  of  an  incline,  when  a  supply  of  water 
is  arailable  only  at  the  middle  of  the  incline. 
Let  X,  Y,  and  Z  (F^.  4)  be  stations, 
respectiTely,  at  the  bottom,  middle,  and  top 
of  an  incline,  haying  an  endless  rope  passing 
Fou9sUi/g  Place  round  drums  at  X  and  Z. 

And  let  a  and  b  be  two  light  carriages, 
of  equal  weights  and  without  tanks,  attached 
to  opposite  sides  of  the  rope  at  Z  and  Y, 
respectirely,  and  c  and  d  be  two  heayy  car- 
riages of  equal  weights  furnished  with  tanks 
and  attached  to  opposite  sides  of  the  rope  at 
Y  and  X,  respectiyely. 

And  suppose  that  a  supply  of  water  is 
ayailable  at  Y  in  the  middle  of  the  incline. 

Then,  if  a  load  to  be  raised  is  put  upon 
the  carriage  d  at  station  X,  and  a  load  to  be 
lowered  on  carriage  a  at  station  Z,  and  a 
snflScient  weight  of  water  run  into  the  tanks 
of  carriage  e  at  station  Y,  it  is  plain  that 
carriage  c  will  descend  the  incline  from  sta- 
tion Y  to  X,  dragging  down  carriage  a  with  its  load  from  Z  to  Y,  and 
drawing  carriage  d  with  its  load  up  from  station  X  to  station  Y,  and 
carriage  b  up  from  station  Y  to  station  Z.    Then  if  d*s  load  is  shifted 
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to  a  and  a's  load  to  d,  and  if  water  is  run  into  <fB  tanks,  d  with  its  load 
will  descend  to  X,  5  will  descend  to  Y,  c  will  ascend  to  Y,  and  a  with  ito 
load  will  ascend  to  Z. 

a  and  b  pass  one  another  at  the  length  of  double  line  half  way  between 
Y  and  Z,  aiid  c  and  d  pass  one  another  half  way  between  X  and  Y. 

If  a  drum  is  placed  below  the  rails  at  Y,  e  and  d  can  haye  an  additional 
rope  if  necessary.  They  must,  howeyer,  still  be  attached  to  tlie  rope 
connecting  a  and  b. 

When  the  incline  of  a  Lift  has  more  than  35  to  40  degrees  of  inclina- 
tion to  the  horizon,  or  when  the  carriages  haye  a  tendency  to  jump  off 
the  rails,  holding-down  rails  will  be  required.  These  will  consist  of 
lengths  of  angle-iron  secured  to  the  frame  of  the  carriage  in  such  a  way 
that  one  side  of  the  angle-iron  will  be  in  a  plane  parallel  to  the  plane  of 
the  incline,  and  the  other  side  in  a  yertical  plane  with  its  edge  bearing 
against  the  underside  of  the  rollers  of  the  rope  on  each  side ;  the  rollers 
will  haye  slotted  bearings  so  as  to  allow  for  inequalities  in  the  road.  It 
is  eyident  that  the  rope  will  not  be  retarded  by  the  fact  of  Uie  rails 
bearing  against  its  rollers,  for  on  the  side  on  which  the  rope  is  fastened 
to  the  carriage  the  rope  will  be  clear  of  the  rollers  opposite  to  the  carriage, 
and  on  the  other  side  where  the  rope  will  be  on  the  rollers  the  rope  and 
the  rail  will  tend  to  turn  the  rollers  in  the  same  direction.  Between  the 
rope-rollers  additional  rollers  for  the  rail  can  be  fixed  where  necessaiy ; 
and  if  necessary,  continuous  light  angle-iron  rails  with  one  edge  down- 
wards, attached  at  interyals  to  bent  supports,  can  be  proyided  for  the 
whole  length  of  the  incline ;  trucks  or  runners  attached  to  the  frames  of 
the  carriages  so  as  to  bear  against  the  angle-iron  rail  will  then  keep  the 
carriages  from  jumping  off  the  rails  of  the  inclme.  The  shortening  in  the 
length  of  the  Lift,  which  will  be  effected  by  using  inclines  requiring  these 
holding-down  rails,  will  pay  for  the  cost  of  proyiding  the  rails. 

The  Plate  shows  the  arrangement  for  a  Lift  with  an  incline  of  about 
26  degrees  24  minutes,  equiyalent  to  a  gradient  of  1  in  2.  With  such 
a  Lift  the  carriages  for  local  trafiic  will  be  made  in  the  form  shown 
at  Plate^  Fig,  2,  with  which  a  series  of  tanks,  each  corresponding  in 
length  and  width  with  the  dimensions  of  the  floor  of  a  compartment  of  a 
carriage,  are  arranged  in  a  series  of  steps  up  the  frame  of  the  carriage  in 
such  a  way  that  when  the  carriages  are  on  the  incline  the  tops  of  the  tanks 
are  in  horizontal  planes.  The  tops  of  the  tanks  form  the  floors  of  the  com- 
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partments  of  the  carriages.  The  frame  of  the  carriage  is  formed  of  two  half- 
girders  (f.  «.y  girders  with  flanges  at  one  side  only  of  the  weh)  rireted  to 
the  tanks  on  either  side.  When  the  Lifts  are  working  in  connection  with 
railways  in  the  plains  for  through  traffic,  the  wagons  can  he  made  in  the 
form  shown  at  Plate,  Fig,  1,  in  which  the  top  of  the  tank  of  the  wagon 
forms  a  platform  on  which  railway  carriages  of  the  ordinary  form  can  be 
run,  and  thus  sent  np  the  Lift  in  a  horizontal  position  without  being  un- 
loaded in  the  same  way  as  is  now  done  at  the  self-acting  inclines  of  the 
iron  mines  at  Eisenerz,  already  described.  This  form  can  also  be  used 
for  open  wagons  for  local  traffic. 

For  rough  Lifts  such  as  are  required  by  the  Forest  Department  for 
timber  hoists  or  runs,  or  by  Planters  for  raising  produce  or  labour  from 
their  gardens  up  to  the  factories,  or  for  rough  roads  for  general  purposes, 
the  wagons  or  trucks,  excepting  the  wheels  and  breaks,  can  be  made  alto- 
gether of  timber  in  the  roughest  possible  way,  in  the  form  shown  at  Plateg 
Fig.  1  (omitting  the  Guard's  compartment),  the  seams  of  the  planking  of 
the  tanks  being  caulked  with  oakum.  With  these  rough  trucks  the  tanks 
would  be  provided  with  short  lengths  of  leather  hose  in  place  of  inlet  and 
outlet  pipes  with  stop-cocks.  It  is  evident  that  if  the  length  of  the 
leather  hose  is  greater  than  the  depth  of  the  tank,  so  long  as  the  end  of  the 
hose  is  kept  up  the  water  will  remain  in  the  tank,  but  as  soon  as  the  end 
of  the  hose  is  let  down  the  water  will  begin  to  run  out.  In  addition  to 
the  self-acting  anchor-break  a  rough  form  of  scotch-break  worked  by  a 
lever  arm  from  the  top  can  be  provided  for  the  wheels. 

For  rough  Lifts  the  rails  can  be  formed  of  wooden  planks  on  edge* 
The  planks  can  be  bound  with  iron  if  the  traffic  is  heavy.  This  form  of 
railroad  is  said  to  have  been  used  in  America,  and  has  been  lately  used 
with  complete  success  by  the  Forest  Department  in  tramways  at  the 
Jounsar  Forest. — See  a  Paper  on  Sleeper  Slides  in  the  Jounsar  Forests, 
page  262,  Vol.  III.,  Roorkee  Professional  Papers  on  Indian  Engineering, 
[Second  Series.] 

The  calculations  for  these  Lifts  have  been  based  on  those  for  self-acting 
inclined  planes  in  Rankine's  Gi?il  Engineering,  page  636. 
If  T  =  the  weight  of  an  empty  carriage. 

W  =  the  weight  of  the  load  to  be  put  on  the  descending  carriage  in 
order  that  the  tractive  force  of  the  carriage  may  just  bal- 
ance the  resistances  of  the  Lift. 
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W,  =  the  maximum  lo»d  for  the  ascending  carriage. 
R  =  the  weight  of  the  rope  and  of  the  pollies  which  sapport  it. 
/=  the  co-efficient  of  friction  for  the  oarriagea. 
a  =  the  angle  of  inclination  of  the  incline  to  the  horizon. 
Then,  according  to  Rankine,  the  resistance  of  the  rope  may  be  aasnmsd 

to  be  -^y  and  since  the  carriages  are  worked  in  pidrs,  and  the  carriages 

of  each  pair  are  of  eqnal  weights  when  empty. 

.\  the  frictional  resistance  of  a  pair  of  carriages  :=/(T  4.  W  +  T  +  W,> 
NoW|  in  order  that  the  descending  carriage  may  be  sufficiently  weighted 
to  counterbalance  the  weight  of  the  ascending  carriage  with  its  load,  sad 
to  balance  the  Resistances  to  motion  arising  from  the  friction  of  the  Rope 
and  of  the  pair  of  carriages. 

(T+W)Binamustbe  =  (T  +  W,)Bina  +  ^+/(T  +  W  +  T+W,) 


W,  8ina+^+/(2T  +  W|) 

whence  W = 


20 
90 


sina  — / 

•"•  the  Lift  will  work  if  the  load  on  the  descending  carriage  exceeds 
the  value  obtained  for  W  by  the  solution  of  the  aboTe  equation* 
The  greatest  ordinary  working  strain  on  the  rope  must  oleariy 

If  T  =  8  tons,  or  6,720  lbs. 
Wj  ;=  li  tons,  or  2,800  lbs. 
a  =  80^ 
/=  -004. 
Also  if  the  rise  of  the  Lift  or  the  difference  of  leyel  between  the  top  and 
bottom  stations  ==  8,000  feet. 

And  if  a  steel-wire-rope  8^  inches  in  circumference,  supported  on 
pullies,  at  interrals  of  7  yards,  weighing  25  lbs.  each,  be  used. 
Then  the  length  of  the  indme  will  =  8,000  cosec  80^ 

=:  6,000  feet 
.\  the  incline  will  require  an  endless  rope  about  12,080  feet  long. 
Now  the  weight  of  8|-inch  steel  wire  rope,  according  to  Moles  worth's 
Pocket-book  is  1)  lbs.  to  the  foot. 

.\  the  rope  will  weigh  12,080  x  1}=  20,184  lbs. 

12080 
Also  the  rope  will  require  pullies  to  support  it. 
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.\  the  weight  of  the  pallies  will  be  i^  X  25  =  14,881  tt>8. 

/.  R  =  20134  +  14381  s  34,515  tt>s. 
Then  substitating  in  the  eqoation 


sina  —  / 

the  value  for  R  thus  obtained,  and  the  yalnes  for  T,  W^  a  and  /,  given 
above,  we  get  W  =  6,438  lbs.  And  as  the  Lift  will  work  as  soon  as  the 
load  on  the  descending  carriage  exceeds  W. 

/.  2|  tons  or  6,440  lbs.  will  be  a  sufiScient  load  for  the  descending  car- 
riage. 

The  greatest  working  tension  on  the  rope,  nsing  the  formnla  given 
above,  will  therefore  be 

=(  6720  +  6440  +  ^^)  sin  30°  =  11,613  fts. 

Bat,  according  to  Molesworth's  Pocket-book,  the  safe  working  load  for 
Scinch  steel  wire  rope  is  12,096  tt>s. 

Supposing  that  no  load  at  all  is  put  upon  the  ascending  carriage  then 
will  W,  =  0. 

And  snbstitnting  the  other  values  as  before,  we  get 
W  =  8,588  lbs.  =  Load  on  the  descending  carriage  to  balance  fric- 
tion. 

Again,  if  the  rise  of  the  Lift  is  only  1,000  feet,  and  if  W|  =  2|  tons. 

Whilst  T,  /  and  a  have  the  same  values  as  before. 

And  if  a  steel  wire  rope  3^  inches  in  circumference,  weighing  1|  lbs. 
to  the  foot,  and  supported  as  before,  be  used, 

Then  will  the  length  of  the  rope  =  4,080  feet. 

And  its  weight  =  4080  X  1^  =  5,440  fts. 

40ftn 
Also  the  weight  of  the  Pullies  =  -^  x  25  =  4,857  lbs. 

/.  Rrs  5440  +  4857  =  10297. 

And  substituting  as  before  we  shall  get  W  =  5,938  tt>8. 

.*«  the  Lift  will  work  if  the  load  on  the  descending  carriage  =s  2|  torn, 

or  6,160  lbs. 
And  the  greatest  working  strain  on  the  rope  will  then  be 

=s  (6720  +  6160  +  -^^)  sin  30*  =  7,800  lbs. 
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Bat  the  safe  working  load  for  3^-iach  steel  wire  rope  is  8,736  fbs. 

If  W,  =  0, 
then  will  W=  1,146  tt>8. 

We  ere  now  in  a  position  to  ascertain  approzimatelj  what  the  con- 
samption  of  water  in  working  the  Lifts  wonld  be.  it  has  been  already 
shown  at  page  11  that  in  working  a  Lift  water  is  run  out  from  the  tanks 
of  the  ascending  carriage  when  it  is  necessary  to  accelerate  the  speed,  and 
from  the  tanks  of  the  descending  carriage  when  it  is  neoessary  to  rednoe 
the  speed.  It  follows  therefore  that  at  starting  a  certain  qnantitj  of 
water  must  always  be  kept  in  the  tanks  of  both  carriages. 

Let  it  be  assumed  that  ^  of  a  ton  on  the  ascending  and  ^  a  ton  on  the 
descending  carriage  are  suflScient  weights  of  water  for  the  two  carriages 
for  working  a  Ijift  with  a  rise  of  3,000  feet,  and  that  ^th  of  a  ton  on  tbe 
ascending  and  ^  of  a  ton  on  the  descending  carriage  are  sufficient  weights 
when  the  rise  of  the  Lift  is  1,000  feet  only. 

And  let  it  be  assumed  that  the  other  conditions  are  the  same  as  as- 
sumed in  the  calculations. 

Now,  it  has  been  shown  that  on  a  Lift  with  a  rise  of  8,000  feet  a  load 
of  2}  tons,  on  the  descending  carriage,  is  just  able  to  oyeroome  the  re- 
sistances of  the  Lift  when  there  is  a  load  of  1^  tons  on  the  ascending 
carriage ;  but  in  order  that  the  carriages  may  travel  with  sufficient  speed 
over  the  Lift  ^  of  a  ton  additional  load  must  be  gt?en  to  the  descending 
carriage  so  that  the  total  load  required  for  the  descending  carriage  will 
be  3^  tons. 

Hence  if  there  are  full  loads  of  goods  for  despatch  at  both  stations  of 
the  Lift  the  guards  would  put  a  load  of  1  ton  of  goods  and  ^  ton  of  water 
on  the  ascending  carriage  and  a  load  of  about  2f  tons  of  goods  and  ^  ton 
of  water  on  the  descending  carriage,  and  thus  a  paying  load  of  one  ton 
would  be  raised  with  an  expenditure  of  ^  a  ton  of  water  at  the  top  station. 

When  there  is  a  full  load  to  be  sent  up  and  nothing  to  be  sent  down,  it 
is  plain  that  the  expenditure  of  water  at  the  top  station  in  raising  a  pay- 
ing load  of  one  ton  will  be  3^  tons.  When  there  is  a  full  load  to  be 
sent  down  and  nothing  to.be  sent  up  a  load  of  1^  tons  of  water  would  be 
placed  on  the  ascending  carriage,  (of  which  one  ton  would  be  left  in  the 
tanks  of  the  carriage  when  it  reached  the  top  station  and  would  be  atail- 
able  afterwards  for  the  descending  carriages,)  and  a  load  of  2f  tons  of 
goods  and  |  a  ton  of  water  on  the  descending  carriage. 
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Similarly  with  a  Ltll  with  a  rise  of  1^000  feet  it  will  be  seen  thai  a 
load  of  2|  tons  on  the  desoending  carriage  will  lift  a  load  of  2|  tons  on 
the  asceoding  carriage  aad  that  a  oonsamption  of  ^  of  a  ton  of  water  at 
the  top  station  will  raise  a  paying  load  of  2  tons  when  there  are  fall 
loads  of  goods  for  both  the  ascending  and  desoending  carriages.  Also 
that  when  there  is  a  fall  load  to  be  sent  np  and  no  load  to  be  sent  down 
the  ezpenditore  of  water  at  the  top  station  will  be  2}  tons  to  lift  a 
paying  load  of  2  tons. 

Hence  supposing  that  12  tons  each  way  is  the  average  daily  traflSc  with 
an  ordinary  Hill  Station,  we  shall  be  safe  in  assnming  that  this  can  be 
carried  by  an  expenditure  of  35  tons  of  water  at  the  top  station.  Thirty- 
Are  tons  of  water  per  day  represents  4,00,000  cnbic  feet  per  year,  a 
qaantity  which  coold  be  supplied  by  a  tank  150^  x  100'  x  15'  deep,  hold- 
ing about  six  months'  supply. 

It  will  be  neither  necessary  nor  practicable  to  load  the  carriages  with 
great  nicety,  any  slight  excess  or  deficiency  of  load  in  either  of  the  car- 
riages can  be  compensated  for  by  running  water  out  from  one  of  the  car- 
riages. 

As  on  a  Lift  in  stages  the  water  from  the  tanks  of  the  descending  car- 
riages of  the  top  sti^e  will  be  available  for  working  the  next  stage,  and  so 
on  down  the  Lift  (though  a  small  quantity  of  water  will  have  to  be 
added  at  each  station  on  the  way  down  to  make  up  for  the  quantity  ex- 
pended during  descent  in  working  the  Lift)  hence,  so  long  as  the  inclines 
rise  uniformly  and  the  stages  are  all  of  the  same  length,  the  expenditure 
of  water  will  vary  with  the  length  of  the  stages,  but  will  be  independent 
of  the  total  height  of  the  Lift. 

It  is  plain  that  whenever  it  is  necessary  to  economize  water  the  Lifts 
should  be  made  in  short  stages.  However,  at  places  where  the  supply  of 
water  is  liable  to  run  very  short,  some  part  of  the  tanks  of  the  canriagee 
can  he  made  to  open  at  the  side  so  as  to  enable  the  carriages  to  be  partly 
weighted,  when  necessary,  with  stone  or  rubbish  from  the  hilkide,  at  such 
times  only  sufficient  water  to  work  the  Lifts  would  be  used,  and  the  ra- 
maifider  of  the  load  required  to  counterbalance  the  load  on  the  ascending 
carriage  and  the  resistances  of  the  Lift  would  be  made  up  with  stone,  &c., 
and  in  this  way,  if  necessary,  the  Lifts  could  be  made  to  bring  up  bmn. 
below  all  the  water  they  actually  required.  The  importance  of  the  plan 
of  workbg  carriages  to  the  top  of  an  indine  by  a  water-supply  available  half 
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way  np  the  inoline,  described  at  Pig.  4,  page  18,  is  now  apparent,  for  it  not 
only  enables  water  draining  off  from  the  immediate  sites  of  hill  stations, 
nnd  therefore  unfit  for  drinking  purposes,  to  be  need,  thns  en^ling  the 
Lifts  to  get  a  supply  without  interfering  with  the  water-supply  of  the  sta- 
tion, but  in  view  of  the  fact  that  the  stages  of  Lifts  can  be  made  8,000 
feet  high ;  it  also  will  enable  the  Lifts  to  be  worked  at  places  where  the 
rainfall  is  scanty,  by  water  obtuned  from  reserroirs  or  springs  situated,  if 
the  side  of  the  hill  has  a  slope  of  80  degrees,  more  than  half  a  mile  down 
the  hillside,  and  thus  having  a  yery  wide  extent  of  feeding  ground. 

Ihe  existence  high  up  in  the  hills  of  the  natural  Lakes  of  Tsho 
Morari  in  Cashmere  Territory  (some  14,000  feet  abore  sea  lerel),  of 
Rundalu  on  the  ridge  abore  Belaspur,  and  many  others,  and  of  the  arti- 
ficial Lakes  at  Nainee  Tal,  on  the  top  of  Mount  Aboo,  and  elsewhere, 
proTcs  that  little  difficulty  would  be  found  in  constructing  e?en  laige 
tanks  in  suitable  sites  near  the  tops  of  ridges.  And  few  who  hare 
studied  the  conformation  of  hills  in  Lidia  carefully  can  hare  failed  to  notice 
the  splendid  sites  for  Beserroirs  ererywhere  arailable.  The  Happy  Valley 
at  Mnssoorie   and  Beechwood  at  Darjeeling  are  instances  familiar  to 

many. 

It  is  claimed  for  these  Lifts  that  they  are  cheaper,  safer,  and  quicker 
than  any  other  form  of  Mountain  Railway,  And  that  they  can  be  more 
readily  adapted  than  any  other  system  to  suit  the  exigendes  of  all  situa- 
tions. 

With  regard  to  cheapness.    There  is  no  expensire  machinery  about 

these  Lifts.  They  can  be  worked  with  a  single  line  of  rails  of  a  rery 
light  pattern ;  and  if  the  wire-rope,  the  rails,  and  the  wheels  are  obtained 
-Ikom  England,  the  carriages,  and  all  the  other  parts  of  the  Lifts,  can  be 
instructed  in  any  of  the  large  workshops  in  India.  Also  the  Lifts  can 
be  taken  straight  up  a  hillside  of  any  degree  of  steepness,  or,  if  necessary, 
up  the  face  of  a  precipice,  by  using  a  vertical  run  and  modifying  the  form 
of  the  carriages.  Indeed,  as  a  rule,  the  steeper  the  incline  the  more  cheaply 
oan  the  Lifts  be  constructed  and  woriced,  and  as  the  ordinary  slopes  of 
the  sides  of  the  higher  hills  in  India  vary  from  about  1  in  2^  to  1  in  ^, 
in  this  way  by  enabling  very  short  lines  to  be  used,  Bope  Railways  hare 
%  gteat  advantage  over  railways  worked  by  locomotives  on  the  Bigi  and 
on  the  Fell  systems,  which  are  limited,  respectively,  to  maximum  gradi- 
Mkta  of  1  in  4  and  1  in  11.    Further,  the  Lifts  do  not  necessarily  require 
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a  BDpply  of  wftier  at  all  at  the  top  station,  for  they  can  he  worked,  vidt 
Fig.  4,  page  13,  if  a  supply  of  water  is  available  at  a  considerable  distance 
down  on  a  hillside.  This,  taken  in  connection  with  the  fact  that  they  can  be 
worked  on  any  slope,  will  allow  a  wide  choice  of  sites  to  be  made  in  apply- 
ing them  to  any  particnlar  sitnation,  and  will  enable  the  Lifts  to  be  located 
generally  in  positions  where  a  supply  of  water  from  a  stream  or  spring  is 
doae  at  hand.     Large,  however,  as  the  saving  with  these  Lifts  will  be  in 
coinatraoUon,  the  saving  in  working  expenses  will  be  still  larger,  for  they 
reqnire  no  skilled  labour  to  work  them ;  they  can  be  easily  repaired,  and 
the  motiye  power  will  generally  cost  absolutely  almost  nothing.     The 
renewal  of  the  wire-rope  will  be  the  most  expensive  item  connected  with 
the  working  of  the  Lifts,  hot  it  has  been  found  (vide  page  27((,  Vol.  41, 
Proeeedings  of  Institnte  of  C.  E.)  at  the  Pribram  mine,  where  112,000 
tons  appear  to  be  raised  every  year  from  a  depth  of  8,673  feet  on  a  cradle 
carrying  a  load  of  1  ton,  and  making  20  trips  per  hour  for  16  working 
hours  eyery  day,  with  a  steel  wire-rope  weighing  1  ton  15  cwts.,  that  steel 
wire-ropee  last  two  years  with  continous  wear.    If  the  cost  of  steel  wire- 
rope  is  taken  at  £120  per  ton,  it  follows  that  a  charge  of  one-third  of  a 
p^kny,  on  each  ton  raised  to  a  height  of  one  mile,  will  cover  the  cost  of 
providing  wire-ropes. 

With  r^ard  to  safety.  Every  one  who  has  had  any  experience  of  hill 
roads  in  India  daring  the  rains  must  be  aware  that  hill  roads  are  liable  to 
be  rendered  impassable  after  heavy  rain  by  the  destruction  of  bridges,  by 
landslips,  or  by  trees,  or  by  masses  of  rook  which  roll  down  from  above, 
mainly  because,  in  order  to  get  suitable  gradients,  these  roads  have  to  wind 
round  the  hillsides,  and  thus  interfere  with  the  drainage  and  with  the  stabili- 
ty of  the  soil  of  the  hillsides.  Therefore  with  Mountain  Railways,  which 
from  their  nature  are  more  easily  blocked  than  ordinary  roads,  and  which 
in  India  are  required  to  work  throughout  the  rains,  it  is  a  point  of  great 
importance  that  the  railroads  should  be  carried  as  straight  as  possible  up 
the  hillsides,  so  as  to  avoid  as  much  as  possible  disturbing  the  hillsides. 
Now,  from  what  has  been  already  said,  it  is  plain  that  Rope  Railways 
alone,  of  all  systems  of  Mountain  Railways,  can  be  carried  straight  up  a 
hillside,  and  that  railways  worked  by  locomotives  must  necessarily,  more 
or  less,  wind  round  the  hillside,  and  therefore  be  in  a  less  secure  position 
with  regard  to  obstructions  from  landslips,  &o^  than  Rope  Railways. 
l^Hftrlher,  though  Rope  Railways  are  liable  to  accidents  from  the  breaking 
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of  the  rope,  they  are  less  iiahle  to  snch  accidents  than  are  railways  worked 
Dj  locomotives  to  accidents  from  the  breaking  down  of  the  macbinerj,  and 
it  is  even  easier,  if  a  rope  breaks,  to  stop  a  train  on  a  Rope  Railway  than 
it  is  to  siop  a  train  on  a  railway  worked  by  locomotives,  if  its  macbineiy 
break  down,  because  with  a  Hope  Railway  self-acting  breaks  can  be  nsed, 
which  will  commence  to  retard  the  train  directly  the  rope  breaks,  bat  with 
locomotives  everything  must  depend  upon  the  vigilance  of  the  driver, 
supposing  that  an  accident  to  the  machinery  occurs  whilst  a  train  is  de- 
scending.    With  regard  to  other  classes  of  accidents  to  which  Moontaia 
Railways,  which  work  during  the  rains,  must  be  exposed,  thongh  the  jaws 
on  the  Rigi  locomotive  and  the  horizontal  wheels  on  Fell's  system  may 
prevent  derailment  under  ordinary  circumstances,  they  would  be  of  no  use 
in  the  event  of  a  bridge,  of  of  a  portion  of  the  road,  giving  way  suddenly 
or  of  a  landslip,  or  of  a  falling  rock  or  tree  catching  the  train,  or  even  if 
an  axle  or  a  tire  were  to  break ;  in  such  case  the  destruction  of  the  train 
with  a  locomotive  would  be  almost  inevitable,  because  on  the  steep  hill- 
sides in  India  Kuch  a  train  once  over  the  side  could  hardly  be  saved  ;  bat 
with  a  Rope  Railway  in  such  case,  so  long  as  tlie  rope  attachment  held, 
no  great  amount  of  harm  would  be  likely  to  happen  to  the  train ;  and  as 
the  rope  always  remains  taut  there  is  no  reason  why  the  rope  attachment 
should  give  way  in  an  accident  of  this  sort.    The  Rigi  system  may  do  veiy 
well  on  steep  hillsides  for  railways  constructed,  as  the  Rigi  and  several 
other  railways  have  been,  to  accommodate  tourists,  and  worked  for  six  or 
seven  months  in  the  year  duruig  fine  weather,  when  the  line  can  be  ocmis- 
tantly  patrolled,  and  a  look-out  kept  in  front  of  each  train  to  see  that  the 
rack  is  clear  of  small  stones  or  other  obstructions  {vide  Vol.  36,  pages  1 15 
and  116,  Proceedings  of  Institute  of  C.  E.),  and  a  line  with  gradients  of 
1  in  10  can  be  doubtless  worked  with  safety  for  all  descriptions  of  traffic 
on  compartively  flat  slopes;  but  such  a  system  could  not  be  worked  with 
safety  during  the  rains  on  the  steep  hillsides  in  India,  when  dense  mists 
and  drissling  rain  would  day  after  day  render  a  proper  look-out  impos- 
sible, and  when  a  train  may  at  any  time  be  caught  in  a  heavy  shower, 
which  will  send  stones  and  timber  down  upon  the  railroad  from  above. 
A  few  moments'  consideration  will  convince  any  one  that  Rope  Railways 
alone  can  be  safely  used  for  the  hills  in  India  during  the  rains. 

With  regard  to  speed.     The  speed  attained  on  the  Rigi  Railway  of  8 
or  4  miles  an  hour  on  a  gradient  of  1  in  4,  or  on  the  Fell  system  of  lO 
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or  12  miles  an  hour  on  a  gradient  of  1  in  12,  is  small  compared  ^ith 
that  attained  on  Rope  Railways ;  for  instance,  on  the  Pittsbarg  Railway 
in  America,  where  the  carriages  travel  at  the  rate  of  9  miles  an  hour 
on  a  gradient  of  1  in  1*72  (page  275,  Vol.  41,  Proceedings  of  Institute 
of  G.E.) 

On  railways  worked  by  locomotires  as  well  as  on  railways  worked  by 
stationary  engines,  increased  speed  cannot  be  attained  without  consider- 
ably increasing  the  working  expenses,  but  with  these  Lifts  any  speed  that 
can  be  desired  can  be  obtained  by  merely  adding  a  few  more  pounds  of 
water  to  the  tanks  of  the  descending  carriage,  or  running  off  a  few  pounds 
from  the  tanks  of  the  ascending  carriage  without  ordinarily  cansing  any 
addition  to  the  working  expenses.  Also  the  speed  is  under  the  control 
of  the  guards  of  the  carriages,  who  can  see  the  state  of  the  road  ahead 
of  them.  The  plough-break  described  at  page  11  will  undoubtedly,  under 
one  of  its  forms,  whether  as  a  self-acting  anchor  in  front  or  as  plough- 
share lowered  by  the  guard  behind,  enable  a  higher  speed  to  be  attuned 
on  inclines  than  has  hitherto  been  practicable. 

As  speed  to  some  extent  determines  the  carrying  power  of  a  railway,  it 
is  a  question  of  considerable  importance. 

With  regard  to  the  question  of  general  usefulness.  We  have  in  India 
on  the  higher  hills  water  power,  almost  everywhere  in  abundance,  avail- 
able, not  only  to  provide  cheap  means  of  transport,  but  also  available  at 
almost  a  nominal  cost  to  work  machinery  of  every  description.  If  pro- 
perly applied,  water  power  can  be  used  to  make  cloth,  to  work  machinery 
for  manufacturing  tea,  to  saw  timber,  to  plough  land,  to  harrow,  to  sow, 
to  reap,  to  cart  away  produce,  to  thresh,  or  to  grind,  &c.,  &c. 

To  use  water  power  for  agricultural  operations,  we  have  only  to  take 
a  Lift  with  a  double  line  of  rails  and  with  drums  at  X  and  Y,  the  bottom 
and  top  stations,  respectively,  of  the  Lift,  and  with  a  pair  of  wagons  A 
And  B  working  in  the  usual  way  on  the  Lift.  Then  if  A  is  attached  at 
such  a  point  on  the  endless  rope  of  the  Lift  as  will  make  the  distance 
trayelled  by  A  and  B  equal  to  the  length  of  the  field  to  be  ploughed,  or 
reaped,  &c.,  and  if  a  length  of  Ught  wire-rope  with  rollers  is  then  taken 
and  its  ends  made  fast  to  the  wagons  A  and  B  on  the  Lift,  and  the  loop 
of  the  light  wire-rope  strained  by  a  straining  drum  at  Z,  fixed  at  the  far 
•nd  of  tlie  field  to  be  ploughed,  and  guided  by  a  drum  at  W,  it  is  plain 
that  a  plough  or  a  reaping  machine  P  attached  to  the  light  wire-rope 
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will  be  drawn  across  the  field  towards  Z,  when  wagon  B  descends  and 

Fig.  5. 
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wagon  A  ascends  the  incline  of  the  Lift,  and  will  be  drawn  back  again 
across  the  field  when  A  descends  and  B  ascends. 

The  distance  travelled  by  P  plainly  depends  on  the  distance  A  is  fixed 
below  the  top  station  Y  of  the  Lift.  By  moving  the  straining  drum  at 
Z  and  the  rollers  snpporting  the  light  wire-rope  either  up  or  down,  as  may 
be  necessary,  a  field  of  any  width  can  thus  be  cultivated  in  any  direction, 
an  additional  guiding  drum  being  provided  whenever  it  is  necessary  to 
plough  up  and  down  instead  of  across  the  hillside.  If  the  Lift  have  an 
incline  of  30  degrees  and  the  wagons  move  at  a  speed  of  fire  miles  an 
iiour,  the  Lift  will  do  the  work  of  a  steam  engine  of  18  H.-P.  if  Mb  to 
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raise  loads  of  one  ton,  or  of  an  engine  of  54  H.-P.  if  able  to  raise  loads 
of  three  tons.     One  Lift  if  fayonrably  situated  will  thus  be  able  to  cul- 
ti?ate  all  gionnd  within  a  distance  of  from  one  half  to  one  mile  above, 
below,  or  on  either  side  of  it.     By  attaching  a  cart  to  the  light  wire-rope 
and  adjusting  the  travel  of  the  wagons  on  the  Lift,  produce  can  be  carted 
in  from  the  fields  to  the  Lift,  and  sent  up  by  the  Lift  to  the  farm-yard 
or  factory.     If  the  loop  of  the  light  wire-rope  is  passed  round  the  shaft 
of  a  threshing,  sawing,  tea-making  or  other  machine,  the  Lift  can  be  used 
to  drive  any  description  of  stationary  machinery  with  the  light  wire-rope 
88  a  belt.     After  the  wagons  on  the  Lift  have  made  one  run  the  rope  will 
move  in  the  reverse  direction,  and  it  is  therefore  necessary  to  put  an  ad- 
ditional cog-wheel  into  gearing  in  the  machinery  for  the  second  run,  and 
to  put  it  again  out  .of  gearing  for  the  third  run,  and  so  on;  and  thus  with 
a  rough  Lift,  with  a  timber  railroad  and  timber  wagons  as  described  at 
page  15,  a  farmer  would  be  able  to  cultivate  his  fields,  cart  in  the  produce, 
and  thresh,  and,  if  necessary,  grind  his  corn ;  the  tea  planter  would  be 
able  to  do  a  considerable  part  of  the  work  connected  with  tea  manu&cture, 
and  the  forest  ofiScer  would  be  able  to  get  timber  out  of  any  forest,  and 
cut  it  up,  if  necessary,  before  sending  it  away. 

It  is  not  of  course  imagined  that  the  method  here  advocated  of  utiliz- 
ing water  power  to  drive  machinery  is  the  most  advantageous  way  of 
employing  water  power  for  the  purpose  when  a  large  supply  of  water  and 
when  trained  mechanics  for  erecting  and  working  machinery  are  available, 
and  workshops  able  to  execute  the  necessary  repairs  are  close  at  hand. 
This  method  though  a  rough  one  has  these  advantages,  viz.,  it  enables  a  very 
small  supply  of  water  to  be  turned  to  account,  and  is  so  simple  in  con- 
struction that  any  one  with  common  sense  will  be  able  to  understand  how 
to  put  it  together  and  work  it ;  further  any  good  mistry  will  be  able  to 
repair  it  when  necessary.  These  are  advantages  which  render  it  peculi- 
arly fitted  for  employment  in  the  hills. 

If  we  would  only  avail  ourselves  of  the  water  power  often  available  on 
the  hills  at  our  very  doors,  work  could  nowhere  be  done  so  cheaply  as  in 
the  hills,  and  no  form  of  transport  could  compete  in  cheapness  with  trans- 
port in  the  hills.  All  that  is  wanted  is  some  one  to  show  practically  how 
cheap,  how  effective,  and  how  safe  is  the  grand  power  we  are  neglecting. 
The  subject  is  surely  one  worthy  of  the  attention  of  Government.  The 
climate  of  the  hills  in  India  is  as  good  as  any  other  climate  in  the  world, 
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and  Englishmen  do  not  degenerate  phjsicallj  in  it,  neither  would  thej,  is 
all  probabilitj,  degenerate  morally  if  large  colonies  of  Englishmen  wer» 
formed  ;  also  there  is  good  reason  to  beliere  that  land  conld  be  cultirated 
by  the  aid  of  water  power  more  profitably  in  India  than  it  can  be  cnltira- 
ted  by  manual  labour  in  any  of  our  colonies.  If  we  had  a  few  hundreds 
of  thousands  of  English  or  Eurasian  planters  and  farmers  in  the  hills, 
with  a  fair  proportion  of  them  enrolled  in  a  militia  reserre,  available  at 
time  of  need  for  service  anywhere  in  India,  we  should  be  able  to  reduce 
the  strength  of  our  army  in  India  by  one  half.  In  view  of  the  great  ex- 
pense of  keeping  up  an  army  in  India,  an  expense  which  must  be  ever 
increasing,  it  would  pay  well  to  give  free  grants  of  land  and  assistance  in 
loans,  under  proper  supervision,  of  machinery  for  cultivation  to  Englinh 
settlers  on  condition  of  joining  the  militia.  The  nucleus  of  a  force  of 
militia  could  be  obtained  by  encouraging  time-expired  men  from  the  army 
to  settle,  and  if  it  could  be  shown  that  land  could  be  profitably  cultivated 
in  the  hills,  there  would  be  no  lack  of  settlers. 

The  Swiss  by  recently  constructing  a  Railway  worked  by  water  power 
between  Lausanne  and  Ouchy,  described  at  page  7,  have  set  us  an  exam- 
ple which  we  should  do  well  to  follow. 

It  is  perhaps  necessary  to  point  out  that  the  objections  usually  brought 
against  Rope  Railways  with  Stationary  Engines,  viz.,  that  they  are  only 
suited  for  short  lines,  because  on  a  long  line  the  failure  of  one  engine  would 
stop  traffic  on  the  whole  line,  that  they  can  only  be  used  economically  where 
straight  lines  can  be  obtained,  because  sharp  curves  are  inadmissable  with 
them,  and  that  they  are  consequently  unsuited  for  general  application,  do 
not  apply  to  Lifts  worked  on  the  principle  of  the  Hydraulic  Lifts. 

To  show  this,  it  must  be  premised  that  with  the  Hydraulic  Lifts,  the 
cost  of  construction  is  not  increased  by  increasing  within  reason,  on  a 
given  length,  the  number  of  Changing  Stations;  because,  though  the 
amount  of  rolling  stock  and  the  number  of  drums  for  the  top  and  bottom  of 
inclines  will  be  increased,  the  weight  of  the  rope  and  the  quantity  of  water 
required  for  working  the  Lift  will  be  largely  diminished,  vide  calculations 
pages  15,  16,  17  and  18. 

Also  an  increase  on  a  given  length  to  the  number  of  Changing  Stations 
in  no  way  increases  the  chance  of  break  downs  occurring  with  the  Hy- 
draulic Lifts. 

With  a  Rope  Railway  with  Stationary  Engines,  however,  an  increase 
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to  the  number  of  Changing  Stations  will,  by  increasing  the  number  of 
Stationary  Engines  required,  add  very  largely  to  the  cost  of  construction 
and  greatly  increase  the  chance  of  break  downs  occurring. 

This  being  admitted,  if  now  the  loads  sent  up  or  down  the  Hydraulic 
Lifts  are  placed,  as  is  done  on  the  Eisenerz  Railway,  described  at  pages  7 
and  8,  on  wagons  which  are  bnilt  to  run  on  level  lines  only,  and  are  sent  up  or 
down  the  inclines  in  a  horizontal  position  on  platform  wagons  built  to 
run  on  inclines  only  (vide  Plate,  Fig.  1) ;  also  if  wherever  \he  line  requires 
to  make  a  bend  a  Changing  Station  is  introduced  and  a  turn-table  put  in, 
in  a  horizontal  position,  at  or  rather  under  the  point  where  the  direc- 
tion of  the  line  is  clianged ;  and  if  the  turn-table  is  connected  with  the 
top  of  the  first  incline  and  the  bottom  of  the  next  incline  by  a  very  short 
piece  of  level  straight  line  passing  under  the  drum  at  the  top  of  the  first 
and  over  the  drum  at  the  foot  of  the  next  incline ;  also  if  when  a  loaded 
carriage  has  reached  the  top  of  the  first  incline  it  is  run,  by  means  of  a 
ramp  (the  platform  wagon  being  now  up  a  little  high  for  the  purpose),  off 
the  rails  of  the  platform  wagon,  down  on  to  the  rails  of  the  piece  of  level 
straight  line  at  the  head  of  the  incline,  and  by  this  straight  line,  hand- 
shunted,  or  hauled,  by  a  tail  rope  from  an  ascending  or  descending  carriage 
of  one  of  the  adjoining  Lifts,  on  to  the  turn-table  and  shifted  by  the  turn- 
table on  to  the  piece  of  level  straight  line  leading  to  the  next  incline  and 
thence  run  on  to  the  platform  wagon  at  the  foot  of  the  next  incline,  and 
thus  sent  up  the  Lift.  Then  it  will  be  possible  to  construct  in  this  way  a 
line  worked  by  Hydraulic  Lifts  with  more  bends  in  it  than  could  be  intro- 
duced into  a  line  laid  out  with  curves  on  any  system  worked  by  locomo- 
tires,  without  at  the  same  time  reducing  the  speed  relatively  below  that 
with  other  systems. 

For  example,  take  the  case  of  a  station,  5,000  feet  above  the  plains. 
A  Rope  Railway  will  run  up  to  a  height  of  5,000  feet  in  a  length  of  two 
miles,  or  under,  at  an  average  speed  while  running  of  not  less  than  six 
miles  an  hour.  Supposing  that  five  Changing  Stations  are  introduced, 
thos  dividing  the  line  into  six  different  inclines,  which  may  be  zig-zaga 
if  necessary,  and  supposing  that  each  Changing  Station  involves  a  deten- 
tion of  seven  minutes,  (as  the  turn-table  can  be  quite  close  to  the  top 
and  bottom  of  the  inclines,  this  amount  of  detention  should  be  more  than 
sufficient,)  then  the  ascent  would  be  made  with  the  Hydraulic  Lilts  in  fifty- 
five  minutes. 
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A  Railway  on  the  Rigi  System  cannot  ascend  to  a  height  of  5,000  feet 
in  a  shorter  ran  than  four  miles,  and  its  speed  on  an  incline  of  1  in  4 
is  three  miles  an  hoar.  Hence  the  ascent  with  a  railway  on  the  Sigi 
System  would  occupy  one  hoar  and  twenty  minutes. 

This  disposes  of  the  objection  that  straight  lines  are  required  for  these 
Lifts,  and  with  regard  to  liability  to  break-downs,  it  has  been  already 
shown  that  break-downs  are  even  less  likely  to  occur  with  Hydraulic  Lifts, 
from  the  breaking  of  the  Rope  than  they  are  with  a  Railway  worked  by 
Locomotives  from  the  breaking  down  of  the  machinery  of  the  Locomotives. 
And  if  with  the  Hydraulic  Lifts,  a  spare  Rope  on  separate  puUies  is 
provided  for  each  incline,  the  breaking  of  a  rope  would  cause  less  deten- 
tion than  would  the  breaking  down  of  a  Locomotive,  on  other  systems. 

W.  8. 
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No.  CCLXIX. 

THE  COMPLEMENT  OP   ROLLING  STOCK  REQUIRED 

FOR  A  SYSTEM  OF  RAILWAYS. 


By  Capt.  H.  Wilbbrfobcb  Clarkb,  R.B.,  Offg.  Dejpy.  CoMuUing 
Engr,  for  Guaranteed  Railways, 


\.    Pabaqbaph  2  of  letter  No.  8803-lOR.  of  19th  October,  1877,  ad- 
dressed to-^ 

the  Governments  of  Madras  and  Bombay, 

the  Consulting  Engineers  to  the  GoYcmment  of  India  for  Goaranteed  RaUwajs, 
the  Directors  of  State  Railways, 

the  Secretary  of  State,  for  information  and  eommnnication  to  the  Boards  of  Direc- 
tors of  the  Guaranteed  Railways, 
runs  as  follows  : — 

**  The  difficulty  of  ascertaining  the  complement  of  stock  for  a  line  ia  great;  but 
the  ton-mileage  required  to  be  done  affords  the  means  of  approximating  to  it.  If  it 
could  be  so  arranged  that  wagon  for  wagon  be  exchanged  at  junctions,  the  relation 
between  the  stock  of  each  line  and  the  work  required  of  it  would  readily  be  seen. 

'*The  possibility  of  hiring  to,  or  the  necessity  of  hiring  from,  a  neighbour  would 
be  realised,  and  the  expediency  of  permanently  increasing  or  decreasing  the  stock 
would  be  forced  upon  attention." 

And  the  order  attached  directs— 

"  that  the  freest  discussion  with  the  Railway  Officers  be  invited,  and  their  opiniona 
communicated  at  a  very  early  date." 

From  tho  above  extract,  and  the  circulation  which  has  been  given  to 

it,  it  is  manifeist  that  the  Government  of  India  attaches  great  importance 

to  the  subject,  and  considers  that  a  sohition  of  the  difficulty  has  yet  to 

be  discovered.     In  this  paper  a  method, — by  which  the  complement  of 

stock  required  for  a  line,  or  system  of  railways,  can  surely  and  easily  be 

found, — ^is  investigated. 
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2.  On  a  new  line  of  railway,  the  rolling-stock  is  determined  bj  the 
experience  gained  on  railways  in  the  neigbboarhood ;  tfie  number  of  vehi- 
cles is  more  or  less  arbitrarily  decided. 

But  when  the  line  is  in  working  orders  and  distressed  by  want  of  rolling 
stock  to  meet  the  traffic  which  pours  into  it,  the  data  (as  will  be  shown  in 
this  paper)  are  at  hand  for  determining  the  complement  of  rolling-stock 
necessary  for  its  full  working. 

In  order  to  obtain  the  limit  of  wtyrk  which  can  be  got  out  of  a  yehicla 
under  the  particular  circumstances  of  the  traffic  of  the  time,  it  is  neces- 
aary  that  the  line  should  be  working  at  its  extreme  limit  of  carrying 
power. 

It  is  unnecessary  to  consider  the  delays,  or  the  running  of  empty  wagons: 
they  are  the  accidents  of  circumstance,  or  features  of  tlie  traffic;  they  are 
contingencies  that  will  happen  for  a  short,  long,  or  continuous  period, 
according  to  the  nature  of  the  traffic,  and  the  degree  of  skill  with  which 
it  is  worked,  and  provision  must  be  made  for  them. 

8.  The  full  power  of  the  rolling-stock  of  any  railway,  under  the  cir- 
cumstances of  traffic,  would  be  obtained  when  each  vehicle  ran  continu- 
ally throughout  the  day,  during  the  period  of  time  under  consideration, 
with  its  average  freight,  at  "  between-station-goods-speed  "  («  miles)  per 
hour.* 

In  such  a  case  the  goods  vehicle-mileage  would  bo- 
ss number  of  goods  vohicles  co;M^ru(;^0^  X  24  hrs.  X  «  miles  X  period  of  time 
in  days. 

And  the  difierence  between  this  goods  vehicle-mileage  and  the  acfua/ goods 
yehicle-mileage  (paying  and  free)  given  in  Table  G-11  of  the  Review  of 
the  Revenue  Account  gives  the  detention  during  the  time  under  considera- 
tion (reckoned  in  goods  vehicle-mileage)  due  to  all  causes.!  The  ton- 
mileage  given  in  the  Revenue  Accounts  is  not  the  ton-mileage  effected  in 
any  period  for  which  the  accounts  are  rendered  (say  half  a  year),  but  in  a 
period : — 
(£)  v=  (period  onder  consideration  T—  detention). 

During  this  period  <,  all  the  goods  vehicles  have  been  running  through- 

*  It  ii  u  le^^timate  for  the  Bailwsy  AdminlBtrator  to  make  nee  of  this  imaginary  vthicte-mUeatit 
M  It  is  for  the  Astronomer  to  use,  in  his  calcalations,  an  imaginary  «vn,  whose  motion  in  right 
ascension  is  strictly  onlform,  and  whose  days  are  exactly  the  mean  of  all  the  solar  days  dorisg 
the  year. 

t  That  is,  detention  doe  to  repairing,  shuntiag,  loading,  unloading  and  stopping  at  staUoas. 
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ooi  the  day  of  24  hours,  with  their  average  freight,  at  <'  between-Btation- 
goods-speed  "  (a  miles)  per  hour. 

4.    Let  N  =  total  namber  of  goods  rehicles  constnxcted  (inclading  those  under  re* 

pairs)  on  any  railway  daring  the  tin^e  T  nnder  consi- 
deration. 
«i  =    „        „  home  goods  vehicles  on  foreign  railways, 

fij  =    ,,        „  foreign  goods  Tebicles  on  the  home  railway, 

»!  =  time  in  months  dnriug  which  the  home  vehicles  were  absent, 
lAj  =    „  „  „  foreign  vehicles  were  on  the  home  railway, 

T  =  time  in  months  nnder  consideration. 

Then  for  the  time  T  the  available  stock  is — 

=  {  (N  -«,)  +  »,  X  2^^^  +  »i  X  ^  }  =  S  (say). 

Ijety=  goods  vehicle-mileage  of  home  and  foreign  vehicles  (available),  which 
might  have  been  run  had  the  home  and  foreign  goods  vehicles  been  em- 
ployed continually  during  the  day,  in  the  period  of  time  T  considered, 
at  the  *'  between-station-goods-speed  '*  (t  miles)  per  honr^ 
=  Sx'«    X*XT. 
V  =  goods  vohicle-milesge  (paying  and  free)  of  home  and  foreign  vehicles 
(available)  actually  run  on  the  home  railway,  taken  from  Table  G-11  of 
the  Keview  of  the  Revenue  Account  (or  adapted  from  that  Table)  or 
the  audited  weekly  returns  for  the  time  T  nnder  consideration. 
Dr  =  detention,  reckoned  in  goods  vehicle-mileage,  in  the  time  T^- 

=  (V-i,). 
Dd  =  detention,  reckoned  in  days,  per  wagon,  in  the  time  T— 
—         Dt        _     V-o 
""8X*M  X»~"Sx^frXt' 
t  =  actual  working  days  or  efftctive  tirndf  in  the  period  T  nnder  consider- 
ation— • 
=  (T-Dd). 
w  =  freight  in  tons  per  wagon,  taken  from  Table  A,  or  G-1,  or  H-1  of  the 

Review  of  the  Revenue  Account. 
W  =  weight  in  tons  of  a  wagon  and  its  freight. 
F  =  additional  gross  ton-mileage,  which  is  desired. 

Then  the  gross  work  done  by  one  wagon  is — 
=  W  X  *jT"  X  <  X  *  ton  miles. 

*  By  working  daif$  are  meant  days  daring  which  ail  the  goods  vehicle*,  thoee  constmeted  and  thois 
hired,  travel  coiitlnnally  through  the  day  at  **  between-etation-gooda-specd  "  per  hoar. 

It  may  be  well  to  remark  that  all  the  data  sent  as  groea  goods  ton -mileage,  goods  vehicle*mileagt 
(paying  and  free),  &c.,— whether  taken  from  the 

(a),  aa'ditod  weekly  returns, 

(ft),  or  from  the  half-yearly  Bevenae  Acconnts,  must  be  adapted  to  the  timeT  nnder  consideration. 

It  may  be  shown  that : — 

vehicle  mileage  (Table  G—ll  of  the  Review  of  the  Revenne  Acconnt) 

"  namber  of  vehlolei  (Table  13  of  the  Revenae  Account)  xhoon  In  a  day  x  speed  between  ■tattoos 
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And  ike  number  of  wagons  required  to  do  the  gross  ion-milesge  F  is— 

F 

A  formola  which  commends  itself  by  its  extreme  simplicity. 

5.  At  any  time  the  work  done  on  a  railway  is  represented  by  the 
ton-mileage ;  but  the  ton-mileage  is  not  the  measure  of  work  done.  The 
instrument  by  which  the  work  has  been  done  is  the  rolling-stock^  and 
must  be  considered. 

To  compare  the  work  done — 

(a),  ftt  different  periods  on  the  same  railway, 

(5),  on  one  railway  with  that  on  another,  whether  of  the  same,  or  of  different  gange, 

the  ratio  of  ^'^j^^'SL-^S^'**^  =  a  must  be  used  as  the  measure  oj 
work  done.* 

6.  On  account  of  obstacles  presented  by  th  e  direction  in  which  the  traffic 
flows,  it  will  sometimes  occur  that  a  large  amoont  of  rolling- stock  is 
required  to  obtain  the  work  R  which  at  other  times  is  effected  with  a 
small  amount  of  stock.  It  is  the  first  aspect  of  the  traffic  which  has  to 
be  considered,  if  the  number  of  vehicles  for  the  mctximum  traffic^  at  any 
particular  period,  is  required  to  be  known.f 

The  period  during  which  the  rolling-stock  is  most  seyerely  tried  (in  a 
traffic  sense)  has  now  to  be  determined, 
(a).    When  traffic  flows  from  both  ends  of  the  line,  R  will  be  large,  and  v  will  be 

small,  or  the  ratio  —  will  be  a  minimam. 

(5).    When  the  traffic  flows  from  one  end  of  the  line  in  order  that  the  same  work 

R  may  be  done,  v  will  be  large ;  hence  the  ratio  —  will  be  a  maumiim. 

*LFt  ^  =  mearare  of  work  dono  on  another  Bidlway  B. 

_  vebicle  mileage  (Table  Q- 1 1  of  the  Review  of  the  Rerenne  Acconnt)  onRallway  A. 

'  "  nomberof  Tehidee  (Table  12  of  the  Uevenoe  Aoooont)  x  days  in  the  time  oontidered 
/l  =  ditto,  dittOf  ditto,  on  Kaflway  B. 

t  The  expression  **  maadmnm  "  traffic  reqniree  to  be  defined.  It  meana  the  mazlmnm  traffle  at  a 
certain  period  only*  nnder  the  txi$ting  drcnmstancee  of  the  railway. 

If  ite  mileage  (single  or  donblej.  its  gange,  its  stations  per  mile,  its  gradients,  ac.,be  altered,  the 
max  Imam  traffic  of  the  railway  will  alter  too;  and  a  fresh  departore,  from  fresh  data,  ahoold  be 
taken. 

The  means  of  traffic  being  snpplied,  the  traffic  in  some  cases  mnltipliee  and  (aa  it  were)  reprodi 
itself 

This  fact  does  not  yitiate  the  valne  of  the  formula  which  can  ecuily  be  re-applied,  aa 
demand.     Indeed  by  means  of  the  formola  eTOlved  in  this  Kole,  the  roUiog^took  may  oomtantty 
be  kept  in  balance  with  the  traffiflb  and  iMUfs  be  avoided. 
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(0).    When  the  traffic  is  languid,  the  work  R  ia  neeeaaarily  unall,  while  9  doea  not 

diminiah  in  the  aame  proportion  ;   hence  the  ratio  -~  will  be  neither  a 
minimnm,  nor  a  maxioinm.* 
Hence  the  period  daring  which  the  traffio  is  truly  the  most  seyerOi  or 
the  strain  on  the  rolling-stock  truly  greatest,  is  when— 

-~  is  a  mazimnm. 

B 

For  the  Eastern  Bengal  Railway,  the  valne  of  --  is  giTen  for  each-— 

half-year,  December  1870  to  Jane  lS77,iee  Tables  (IL) 
month.  November  1876  to  October  1877,  $ee  Table  (VI.) 

7.  By  means  of  the  three  formnln — 

F 
(a),    nnmber  of  wagons  required  for  certain  work  =  Ww  »x^  .  ^^oaKm.  P***' 

graph  4), 

,,v  *       i_  J  ton  capacity  of  xolling-stock        1  ,  .  ^- 

(»),    m««mie<>fwo»kdon«=     gj;:^to„.„uV^    = -g  Cparagmph  6), 

^  X     •  ^     .^  *xt.         i_  ^           energy  with  the  stock  has  been  nsed      v  , 
(tf)>    intensity  of  the  work  done  =  — 2i ==  -  (para- 

Jt  B 

graphs), 
the  rolling-stock  can  easily  be  adjusted  with  the  greatest  nicety  to  the 
traffic. 

It  may  be  assorted  that  these  three  formulie  provide  for  all  the  circmn- 
stances  of  traffic,  whether — 

{g\  it  flows  from  one  end,  or  from  both  ends  of  the  line ; 

(A),  home  wagons  are  lent  to  foreign  linear  or  not ; 

(t),  foreign  wagons  are  nmning  through  on  the  home  line,  or  not ; 

0*)f  foreign  wagons  are  borrowed,  or  not ; 

(A),  the  wagons  be  of  the  same  capacity,  or  not 

Any  question,  relating  to  traffic,  can,  with  exactitude  and  ease,  be  de- 
termined by  the  aid  of  these  three  formulss. 

8.  It  would  be  of  the  greatest  utility  if  the  three  formulas  (mentioned 
in  paragri^h  7)  were  worked  out  for  every  railway  in  India,  Guaranteed 
or  State :  a  true  comparison  of  the  real  toork  done  by  each  railway  could 
then  be  made* 

9.  Difficulty  was  found  in  filming  Table  (YL) 

In  the  audited  weekly  returns,  Eastern  Bengal  Railway,— 

(»),   for  the  10  months,  NoTember  1876  to  Angnat  1877,  the  ton-mileage  was  not 
^ven  ;  for  September  and  October  1877,  it  was  giten  ; 

*  Tbe  Tchickt  wUl  mn  light :  their  nnmber  will  not  greatly  be  dininiihed. 
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(o),    the  vehicle-mileage,  for  the  12  monthfl^  November  1876  to  October  1877, 
not  given ; 

(I).    The  yehicle-mileage  was  thas  obtained  :— 

Gross  goods  vehicle-mileage,  for  the  month  =  total  goods  train-mileage  x  number 
of  goods  vehicles  in  the  train  +  mixed  train*mileage  doe  to  goods  X  nnmbtr  of 
goods  vehicles  in  the  mixed  train. 

The  train-mileage  for— 


Maintenance, 
Misoellaneoos, 


Goods, 

Mixed  (portion  due  to  goods)» 

Betnm  empty, 

was  taken  from  the  aadited  weekly  returns. 

The  composition  of  the  train  was  taken  from  Table  A-7  of  the  Reyiew 

of  the  Revenne  account  for  the  half-years  ending  December  1876  and 

Jane  1877. 

To  the  months^- 

Jnly,  I  September, 

Angnst,  I  October, 

of  the  year  1877,  the  figures  (in  respect  to  the  composition  of  the  train 
for  the  half-year  ending  December  1876)  were  applied. 

(II).  An  attempt  was  made  to  obtain  the  goods  ton-mileage  from  Table 
YI.  by  working  through  the  invoices  of  the  Eastern  Bengal  Railway  for 
ten  months,  I^ovember  1876  to  August  1877.  The  labour  of  going 
through  this  calculation  was,  however,  saved  by  an  artifice,  explained  in 
para.  10.  The  invoioes  oonsisted  of  twenty  bundles  of  such  a  size  that 
they  filled  a  cab. 

10.  '.rhe  method  of  application  may  be  illustrated  by  an  example, 
taken  from  the  Eastern  Bengal  Railway. 

From  Table  IL  it  may  he  seen  that  ^  is  a  maximum  in  the  half-year 
ending  June  1877  ;*  hence  it  is  not  neoessaiy  to  consider  any  anterior 
period.  To  obtain  with  nicely  the  ''  limit  of  work  "  which  can  be  got  out 
of  a  Tehide,  the  month  in  which  ^is  a  maximum  should  be  known,  and  the 
figures  for  that  month  applied. 

From  Table  VII.,  it  will  be  seen  that  the  Eastern  Bengal  Railway  may 
practically  be  regarded  as  a  line  on  which  the  traffic  flows  from  one  end 

*  The  real  t»*»<»"""*  took  place  (m<  Table  n.)  in  the  half-year  ending  December  187S,  and  the 
Sgucafortbiahalf-yMarBhoald  properly  be  taken ;  bntaanelOM  ii»tf<aa<  ia  given  month  by  month 
for  that  half-year.  It  ia  better  to  take  the  half-year  ending  Jone  1877  (in  which  the  traffic  was  c«r- 
tainly  heavy) ,  and  the  flgnree  of  the  month  of  September  1 877,  which  (^iy e  a  decided  maximum.  Thia 
ia  simply  a  matter  of  judgment  and  convenience. 
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0Dly«  This  is  the  most  adverae  riew  of  the  traffic  ($ee  |[MnigrBph  6, 
claqiBe  b)y  and  may  therefore  eafelj  be  adopted. 

This  yiew  being  accepted,  that  period  in  which  the  tons  lifted  is  a 
maximnm  will  also  be  that  in  which  the  ratio  ~  is  a  mazimnm.    The 

B 

mm 

labonr  of  working  oat  ^  for  ten  months  will  (in  this  particnlar  instance) 
be  sared.* 

A  glance  at  Table  YIII.  shows  that  in  the  month  of  September  1877f , 
the  maximum  number  of  tons  was  lifted ;  hence,  by  what  has  been  said,  ^  is 
a  maximmn  in  that  month. 

It  is  now  established  that— 

(1).     r  is  a  mazimiim  for  the  half-year  ending  Jane  1877,  i$ee  Table  II).' 

(2).  „  „      month  of  September  1877f  ($ee  Tables  VL  and  VUL) 

11.    In  respect  to  the  month  of  September  1877,  we  have^- 

W =9-7  tons  (&eight)t 
f0=8'6  tons 

^=7*7  days  (Table  YIJ  ss  effective  time 
#=:  15  miles  per  hoor  (Table  V.) 

Th^,  by  paragraph  4,  the  work  done  by  one  wagon  in  one  month  is — 

hn  toBi     hn   dayi  inll«i 

=  WX24x«Xt=9-7X24X8  X  16 

=  27,936  groes-goods-ton-miles : 

•  It  mutt  be  aiid«ntood  that  tliU  artlfloe  ftat  avoiding  the  labour  of  calcalating  ^)  Is  only  allow* 

able  when  the  cireamitanoei  of  ferafflc  are  aa  herein  stated.  If  the  traffic  flows  not  only  from  end, 
but  alio  from  diflerent  points  on  the  line,  as  in  the  case  of  the  Bast  Indian  Railway,  thin  artifloe  oaa- 
BOi  be  apiplied. 

f  Properly,  a  month  of  the  half-year  ending  Jnne  1877  ahooUl  be  takm ;  bat  it  ia  manifestly  best 
to  work  with  the  information  that  ia  most  reoent. 

It  ia  evident  that  the  woric  done  in  September  1877,  waa  a  mavimnm ;  the  monthly  aoconnte  (aa 
atated  im  pangfaph  8)  an  not  at  pnssBt  nodend  in  iaoh  detafl  aa  to  enahte  enl  to  aay  whether  it 
waa  Atf  mailmnm  work,  or  tme  limit  of  **  work  of  a  wagon".  The  method  of  prooednre  is  howerer 
indicated  in  this  Paper. 

t  Aooording  to  the  Beview  for  the  half-year  ending  December  1876— 

The  number  of  wagona  ANU(rvefMl  is         -,       m.       ...       •-       ...       •.«       m.       701 
Add  wagons bomwedinJaly  1877, from  the  CalcatU aadBoBth^Wastini  State  EaU« 

way,   ■#•      M*      •••     •••     •••      ■••     •••     •••     •••     •••      •••     aa*      40 

Total  goods  rolling-stock  in  September  1 877,    ...       741 

PMghtof  awagon='^';***"''f'"  =  ?S^  =  8«  tons, #w Table YI. 
^  vehielo-milea  1887011 

Weight  of  a  wagon  =  8*3  tona,  m«  Table  V. 
/.  Weight  of  a  wagon  and  its  load  =  (8*8  +  8*8)  =  9*7  tons. 
Mazimnm  frisi^t  ton  miles  of  a  wagon  in  one  month. 

toBB.    hn  dAya  mllvi 

=  8*ftX24x8x  18 

=  9880. 
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Md  the  additional  namberof  wagons  reqaired  to  do  ihe  additional  work!*— 

27,936  grosa-goodB-toQ-miles  ^       ' 

hired  wagons.* 

12.  In  his  letter  No.  8759  of  5th  October,  1877,  the  Agent,  Eastern 
Bengal  Bailwaj,  states  that,  to  support  a  traffic  25  per  cent  greater  thsa 
that  already  on  the  line,  he  requires  the  goods-yehicles  set  forth  in  the 
following  Table:— 


ToStatlonB 


RmiBBB  or  TaiiBS 


To 


Fktym 


Total 


MUMBSR  OF  YKHICUB 


Per 
train 


TMal 


total 


Trains  daily  ••• 

roBerre,  ••( 

Trains  daily 

reserve  . 

Sesenre  for 

Mixed  train  daily  .. 


Mail  trains  daily 

reserve 
Locomotive  coal 


••• 


Goalnndo 
Eooshtea 


•  • 


Sealdah,  Chitpore 
and  Tramway, 
Qoalnndo 


Goalnndo 


•  • 


5 

5 

10 

40 

400 

■  • 

•  • 

■  a 

•  • 

80 

1 

1 

2 

40 

80 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

a  a 

16 
120 

1 

1 

2 

80 

60 
12 

1 

1 

2 

80 

60 

•  • 

•  • 

a  • 

•  a 

12 

•  a 

•  • 

•  • 

•  »• 

40 

Total  number  of  goods-vehicles, 
For  repairs,  5  per  cent.,       •  • 
Emergencies, 


•  • 


•  a 
a  a 

•  • 


Grand  total  number  of  vehicles,  •  • 
Deduct  vehicles  available  on  the  line,t        .a 


[  480 
96 


120 
72 

72 

40 


880 

44 

9 


9S8 

658 


AdditUnuUnnmhetot  wagons  required  for  the  additional  25  per  cent  of  work,        275 


18.  Collecting  the  results  in  paragraphs  11, 12,  and  18,  it  is  seen  that, 
to  support  an  additional  traffic  equal  to  25  per  cent  of  that  of  the  half- 
year  ending  June  1877,  the  number  of  wagons  required  is— 

•  It  In  bis  letter  No.  87fi»  of  6th  October,  1877,  the  Agent,  Bastem  Bengal  Railway,  deelxed  to  hate 
good!  rolling-itook  capable  of  carrying  26  per  cent,  moie  traJBe  than  that  already  carried  on  the  line." 
Now,  for  the  h^'jear  ending  Jane  1877— 

The  groai-good»ten-mileage  is,  excluding  engines  and  tenders,  ue  Table  M-l 

of  the  Review  of  the  Revenne  Account,    ...       «.       es»837,814 

and  t6  per  cent,  whichhas  to  be  carried  in  addition  in  6  months  is       ...       ...    16,881,968 

•»  M  ,t  „    in  1  month  is        ...       ...     2,638,669 

t  This  should  be  701,  «e<  Table  I. 
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94,  by  the  fornmla,  when  the  figures  for  the  ii<m<A,  in  which  the  strain  on  the  roll- 
ing-stock (in  a  traffic  sense)  was  g;reate8t,  is  taken  ;  to  this  most  be  added  40 
to  replace  the  hired  wagons. 
282,  when  the  Table  of  Trains  given  by  the  Agent  is  considered. 

By  paragraph  (12),  the  true  number  of  wagons  required  to  do  the 
additional  work  is  (94  +  40)  =  184,  because  that  number  is  deri?ed 
from  figures  showing  the  traffic  of  a  period  during  which  the  strain  on 
the  rolling-stock  (in  a  traffic  sense)  was  greatest ;  or  when  the  *'  limit  of 
work  **  of  a  wagon  was  most  nearly  approached.* 

The  tvori  done  and  the  intensity  with  which  the  instrument  (the  rolling- 
stock)  was  used  were  (as  seen  from  the  Tables  II.  and  YI).  greater  for 
the  month  of  September,  than  for  the  half*  year  ending  June  1877. 

If  the  intensity  with  which  the  instrument  (the  rolling-stock)  was  used 
in  September  1877  could  be  sustiuned  during  the  year,  only  184  wagons 
would  be  needed  to  do  25  per  cent,  additional  work. 

The  number  275  given  by  the  Agent  has  been  arrived  at,  as  seen  in 
paragraph  12  in  manner  more  or  less  arbitrary;  perhaps  it  includes  50 
to  replace  the  50  ballast-wagons,  which  have  been  used  for  traffic. 

14.    The  use  of  the  formulsB  set  forth  in  paragraph  4,  in  comparing  the 

work  done  on  different  railways,  is  strikingly  shown  in  Table  IV.,  where 
the  work  of  th( 


*  TbiadeeidM  the  number  of  addmimal  wsgons  required  to  do  Sff  per  cent.  addJHoiua  woricp 
iBiiiiiry  may  Ixmarer  be  made  ea  to  fhe  number  of  wegona  reqoind  to  do :— 
(a),  the  Mai  work  tbet  wm  done  in  the  half-Tear  ending  Jnne  1877  phu  SS  per  cent, 
(ft),  the  Mea  work  done  In  September  1877  plm»  28  per  cent. 

LetRi  =  mimbar  of  wagona  required  to  perform  the  worl^ («, 

*«= - «»). 

ThmS   —  —  i< 633278 M  groefritooda-ton-mtleB.   Set  page  8. 

1  "  4      87938  groea-gooda-ton-mUea  of  one  wagon  per  month  x  6monUia 
=  47«-a. 
Hcnoe  In  thiacaae  the  Baetan  Bengal  Batlway  baa— 

(701  -  478*8)  =  S89  wagona  too  «Mm|f. 

AndR,  s  ^701  conatmcted + 40  hired +-^)  wagona  =  936  wagODi,  if  the  real  ••limUqfwort 

if  flte  wa^on"  haa  been  reached. 

Or,  in  thla  eaae,  the  Baatem  Bengal  Railway  reqnlrea 

(916  -  701 )  =  985  addMonai  wagona,  or  60  wagona  leai  than  the  number  duind  by  the  Agent. 

Tbexeqoeat  for  more  rolling  etook,  made  by  the  Agent  in  hia  letter  No.  8789  oi  the  8th  October, 
1877,  may  be  InterpKted  in  the  aenae  of  (a),  or  (8). 

It  may  be  anrmlaed  that  it  d&onld  be  interpreted  in  the  lenae  (a),  aa  the  Agent  on  the  Ith  Oo> 
tob«,  1877,  ooold  hardly  hare  known  the  extent  of  the  tiaffie  in  September  1877. 

Whaterer  the  interpretatton,  the  pHmipU  of  worUog  ia  not  afleoted. 
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^tera^SSTgal  }  Railway*  ^  contrasted. 

The  economy  which  can  be  effected  by  the  use  of  the  three  formnln  in 

paragraph  4  is  eyident ;  thus  the  Agent,  Eastern  Bengal  Railway— 

(a),  has  obtained  sanction  for  200  iron  rectsognlar  wagons,  none  of        £ 

which  at  present  are  erected,  at  a  costfof  200  wagons  X  184*5 

(&),  has  asked  for  sanction  for  75  cylindrical  wagons  at  a  oost(  of 

Total  expenditure  sanctioned  and  that  desired,    •  • 

On  the  same  basis,  the  cost  of  184  iron  cylindrical  wagons  shown 

by  the  formula  to  be  sufficient  (in  place  of  275  wagons)  is 

wagons  184  X  £180  ••  ..  ••  ••  £24,120 

Hence  in  r^ard  to  the  performance  of  additional  work,  equal  to  25  per 
cent,  of  that  done  in  the  half-year  ending  June  1877§  by  these  fonnul», 
the  saying— 


36,900 
18,410 
50,810 


8AYIKO  IN  BBSPICT 
TO  WAGONS 

Hnmber 

Cost 

(c),  wonld  hare  been,  in  respect  to  the  200  sanction- 
ed wagons  '»,               •  •                •  •                •  • 

id),  and  will  yet  be,  if  the  application  for  75  more 
wagons  be  rejected, 

46 
75 

& 
8,280 

18,410 

Total  saving  (which  could  have  been,  and  which  majf  yet 
he,  made)  is,                 •  • 

121 

21,690 

Saving  to  such  an  extent  as  this  is  worthy  of  consideration. 

15.  In  paragraph  1,  it  was  stated  that  these  formnlie  were  truly  ap- 
plicable when  the  line  under  consideration  was,  by  reason  of  the  traffic, 
distressed  for  rolling-stock* 

It  is  manifest  that  the  greater  the  amount  of  work  done  by  one  wagon, 
(see  formula,  paragraph  4,)  the  greater  the  need  for  rolling-stock.  The 
formula,  indicating  the  work  done  by  one  wagons  helps  one  to  decide 
whether  the  application  for  more  rolling-stock  is  justifiable,  or  not. 

The  circumstances  of  traffic  being  different,  it  will  not  be  possible  to 

•  The  figoreB  for  the  Bast  Indian  BaUwaj  are  approzimuta  only. 

t  By  letter  No.SSSl  of  £th  December,  1876, from  the  CKyvenunent  of  Iadla»  the  oonstnsctioo  of  40 
iron  rectangular  wagons  at  a  cost  of  £7,881 .  was  sanctioned.    Hence  the  cost  of  one  wagon  is  £184'£. 

X  8t*  letter  No.  37fi9  of  5th  October*  1877,  from  the  Agent,  Eastern  Bengal  Hallway. 

9  It  If  not  here  considered  whether  the  present  stock  is  sn£Ment  for  the  tioua  work,  namely, 
that  done  in  the  half-year  ending  Jane  1S77  pinu  15  per  cent.   Su  note  to  pangnph  13. 
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obUm  equality  of  "  work  done  by  one  wagon  "  among  the  dlBferent  railways 
of  India;  nevertheless  an  approach  to  equality  ahonld  be  made ;  and  unless 
the  "  work  done  by  one  wagon"  (determined  by  the  formula  in  paragraph 
4)  approaches  to  an  equality  with  the  maximum  done  on  any  railway,  the 
application  for  more  rolling-stock  should  be  rejected,  and  the  system  on 
which  the  traffic  is  conducted  be  closely  scrutinised. 

Referring  to  Table  IV.,  it  will  be  seen  that  the  mean  measure  of  work 
done*  by  the^- 

Eaat  Indian  Bailway  is        15172  ==  7  approadmatelyi 

Eastern  Bengal    „     „        -l-=-Jj. 

or,  the  Eastern  Bengal  Rmlway,  in  half  a  year,  does  approximately  one- 
half  of  the  work  effected  by  the  East  Indian  Railway  in  the  same  period  of 
time. 

The  reason  is  obyious  for  {see  Table  lY.)  the  detention  in  days  per 
wagon  is-* 

142*8  on  the  East  Indian  Railway,  approximately, 
157*5  M        Eastern  Bengal  Bailway, 

in  the  half-year  ending  June  ]877.t 

It  is  proper  to  mention  that  the  Eastern  Bengal  Railway,  has,  but  little 
traffic,  Bare  in  the  jute  season — July,  August,  September  and  October.]: 


•  F^ramtlMWiiyinwliidbtlitoiBaMnmtooMaliMd,itia  to  be  tmomaJamA  that  tb»  Ittvor  tliA 
dnomiiuitor  of  the  x«tio,  the  greater  Ib  the  work  done, 
t  Or,  It  may  be  stated  that,  in  the  half-year  ending  Jane  1877,  all  wagons  performed  on  the-« 

*«•    perhr.  pwdiqr  ^^ 

Bast  Indian  Railway  S4  x  17*6  =  432*4  for  t  =  88'S,  approximately, 
Baatem  Bengal  „      24  x  16*0  =  860*0  „  t  =  38*4 

From  Table  Y.,  we  know  the  groas  load  of  a  wagon. 

Hence  the  gro«  ton  miles,  per  wagon,  per  half-year  Jane  1877,  is— 

bUm       ;i.  v>    siiM        CMB  ton 
pndMj      ^*^     iMd  milaii 

Bast  Indian  Bailway  s  433*4  x  88*3  x  lO-ff  =  169434-64 

Bastem  Bengal  „      ss  860*0  x  384  x   9*84  =:   83893*16 

X  The  mavads  lifted  («m  Table  VOL)  in— 

Maands. 
the  4  montha,  Jaly,  Angast,  September,  October  1877,       ^ s    0,614,830 

the  8  months,  November,  Deoember  1876,  and  Jannazy,  Febrnary,  March, 

April,  May  and  Jane  1877,        ...       m*       ^m       •—       >••       •••       •••    =    7,906,136 

Total  maands  lifted, =  18,520,448 

The  proportion  borne  in— 

XV    ^         *v  6.614,830  1        .^.       .   , 

the  4  months       =      — - — - —    =    - '  ■  '■  of  the  whole* 

18,620,446  3*4   "*""'""*""• 

fh.ft  -  7.906.136    ^        1 

"•'      "  "*         13,030,446    "     TT    •»  '• 

195 


12 


fHB    COMPLEMENT  OF   ROLLING-STOCK    REQUIRED,   ETC. 


16.    The  fomialaB  may  be  used  to  detennine  the  rate  at  which  a  home 

wagon  shall  be  lent  to  a  foreign  line. 

Let  m,=  time inmonths  \  ,    .        i..  i.    u  •     u     ^         *     .     ,. 

' ,  V  dnniig  which  a  home  wagon  is  absent  on  a  foreign  line. 

tf>  —       n     oays      J 

.    ,         .       V  .  •  •    «^    ( the  detention  is 

In  T  months,  the  detention  in  days  when -g- IS  a  maxunnm,  IS  Dd  J  not  the  same  for 

( every  monUu 


which  is  known, 


T-'<»*. 


Hence  the  actual  working  time  in  m,  months,  or  c,  days,  is  :— 

(o  -  ^  D4  )  days. 
And  the  actual  wwk^  which  would  be  done  by  the  home  wagon  in  M, 

months,  (at  a  time  when  -^  was  a  maximum,)  if  it  remained  on  the  home 
line  is: — 

Hn.     MUes  per  bonr.  Daji. 

=  24    X        «        +    (tf-^D    )  X  »  =  P  freight  ton  miles. 

Let  (a)  =  proper  rate  in  pies  per  ton-mile  for  home  goods  wagon  lent 
to  the  foreign  line.  Then  for  the  time  m,  months  {whtlher  the  tan-miUs 
P  be  performed  or  not)  the  chaige  per  wagon,  lent  to  the  foreign  railway, 
should  be — 

TonmOas.   Piei. 

=     P     X  a  =  a  P  pies. 
The  proper  yalue  of  (a)  is  set  forth  below : — 


RAILWAYS 

The  Tftlne  of  (a)  per  ton-mile.* 

Eastern  Bengal 

Eatt  Indian 

Per  ton-mile. 

Mnst  be  greater  than, 

Ditto          da, 

Ditto  less  than, 
Dedactioxi  from  (a)  for  loco- 
motive expenses  for  hanl- 
age. 

0-061 
906 
64-4 

0-45 

0-08 

9*2 

27-86 

024 

Cost  of  repairs. 
Lowest  rate  of  carriage. 
Highest  rate  of  carriage. 

*  By  page  S  of  the  Oooda  Tariff  of  the  Baitem  Bengal  Ballwaj,  the  heayieat  rate  is  the  fifth 
class,  which  is  1  pies  per  mannd  per  mile. 
Bemembering  that  1  mannl  s  0'D9678  tons, 

pies 


the  rate  per  toa-mile  =  3  X 


0*03<7J  tons 


=  M'4ptee. 
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The  actual  hire  which  should  be  charged  by  the  Eastern  Bengal 
Eailway  for  wagons  borrowed  by  a  foreign  Bailway  may  be  found  as 
follows : — 

Let  P  =  9,880  freight  ton-miles,  see  note  to  paragraph  11,  page  7. 

Then  the  charge  per  wagon  to  a  foreign  line  must  lie  between 

Pies  freight  Ton-milei,         Bg.  Rg. 

(906  -  0-4r0    X      9,880    =      443  per  month,  or  14*8  per  day, 
and  (64-4  -  0-46)    X      9,880    =    2,776        „  or  92  5        „ 

It  may  be  thought  that  these  charges  are  imaginary — ^but  they  are  not 
really  so. 

On  the  Eastern  Bengal  Bailway,  an  iron  cylindrical  wagon  earns,  in  the 
brisk  season,  Rs.  50  a  day* ;  and  it  is  certain,  that,  if  the  character  of  the 


The  low«it  ordinny  nto  Ib  |  pi e  psr  nuumd  per  mile. 

Henoe  the  rate  per  toii-mUe  =  i  pie  X  o^7?tSSa  "  **^  ^**^ 

"Ftam  ebatraet  C  of  the  Berenne  Acconnt  for  the  half-Tear  ending  June  1877. 

23  076  Rfl. 
Th.oo*<rfw.«»n.rn»l«p.t«..mll.  =    ,o.«1^8t«.lmU<,  (.M«oxl.m>t.)  =  »«'  P^- 

Bj  page  17  of  the  Oooda  Tariff  of  the  Eaat  Indian  BaUway,  the  fifth  claaa  or  highest  nte^  is  Be. 
MO  for  100  mannda  carried  9M  milee. 

Hcnee  the  rate  per  ton-mile  =  i-=T-i — %t%z — t; —  =  27*36  pies. 
■^  8*678  tone  X  9H  milee  *^ 

The  loweat  ordinary  rate  is  Rs.  168  for  lOO  nunnds  carried  964  miles. 

Hence  the  rate  per  ton-mile  =  •=-?==-? f^^ — n—  =  9*2  oiee. 

*^  8-678  tons  X  954  mUes  *^ 

Wrom  Ahatraot  C  of  the  Berenne  Aooonnt  for  the  half-year  ending  Jane  1876  for  the  Kain  Line. 

Vram  iLbetract  B  of  the  Berenne  Account  and  Table  M-l  of  the  Beriew  for  the  half-year  ending 
Jnoe  1877,  the  IiooomotiTe  expexuwa  for  hanlage  per  gross  ton  mile 


<»' BMH»di«.B.UW       =^.-^^^--^0^,,^ 

*  Minnte  of  a  conversation  with  the  Assistant  Locomotive  Superintendent,  Bastem  Bengal  Ball- 
way,  at  the  Workshops,  £anchrapara,  in  November  1677. 

The  rate  per  wagon,  per  month,  may  be  foand  from  the  ton*mileage  of  the  half-year  instead  of 
from  a  pwrtkuiar  month,  daring  which  the  trafflo  waa  very  brisk.     Thus  theoharge  per  wagon 
wonld  be  :— 
70,811,433  ton  miles  (Table  11.) 

~<  monthTx  701  wagons    '    ^  ^'^  ^^  '  ^*  ®''^  ^  "°°*^»  or  Bs.  2-9  per  day  (from  which 
ahoold  be  deducted  haulage,  or  Locomotive  expenses,  per  ton  mile),  which  is  certainly  an  meragt  rate 

The  truth  is,  the  rate  of  hire  should  properly  be  worked  out  for  every  month  of  the  year.  If  the 
Ooaranteed  Bailways  have  not  BufloM  loss  from  lending  their  wagons  to  foreign  lines  at  Bs.  14 
Ra.  S,  or  Ba.  a,  per  wagon,  per  diem,  it  is  because  they  have  (orroiMd  as  numy  as  they  have  lent. 
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bulk  of  tbeir  merchandise  were  such  as  to  be  charged  54*4  pies  per  ion-mile 
it  would  not  be  proper  to  let  a  wagon  to  a  foreign  line  at  less  than  Ks.  92*5 
per  day. 

It  is  rarely,  howeyer,  that  the  bulk  of  the  traffic  is  of  such  a  kind  as 
be  so  chargeable. 

It  may  be  said  that  each  class  of  goods  Rolling  Stock  should  separate- 
ly be  considered.  Strictly  this  is  true  and  it  might  be  done ;  but  it 
would  add  greatly  to  the  labour  of  finding  the  time  when  -rr  is  a  maximum, 
and  the  advantage  of  this  refinement  of  calculation  would  not  be  great. 

Each  particular  class  of  vehicle  is  designed  to  perform  maximum 
work  in  its  own  line ;  it  is  by  each  class  doing  its  maximum,  that  a  total 
real  maximum  is  reached.  Consider  the  ballast* wagons, — these  were 
largely  employed  in  the  transport  of  Railway  Stores  ;  and  it  is  probable 
that,  used  in  this  way,  they  performed  their  true  share  of  work. 

Cattle  wagons  might  fairly  have  been  excluded ;  but  their  number  is 
BO  small  as  not  materially  to  affect  the  question.  Brake-Vans  should 
perhaps  have  been  excluded,  yet  each  carries  5  tons  freight. 

The  example  in  this  paper  is  given  simply  by  way  of  illustration. 

17.  In  drawing  up  this  Paper,  and  in  framing  the  Tables,  care  has  been 
taken  to  give  all  references,  so  as  to  render  the  process  of  calculation 
as  easy  as  possible ;  and  to  secure  accuracy  in  the  tabulation  of  the 
figures. 

The  Reader  is  invited  rather  to  consider  the  principle  [i.  e.,  the 

use  of  -^1  set  forth  in  this  Paper,  than  to  scrutinize  the  figures. 

H.  W.  C. 

Calcutta, 

27  th  November  J  1877. 
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TABLE 

Eabtbbn  Bbhqal 
Showing  the  work  done  in  the  14  hatf-yem. 


1 


Half-tiar 


1670 


Jnne 


Daoembor 


1871 


Jnne 


1879 


Jnna 


December 


No.  of  goodi  Tohicles,        •• 

Talk  12  of  Reiiefiu9  Aeeount, 
No.  of  oovered  goods  wagons, 
Na  of  iron  cylindrical  wagons, 
Capacity  in  tons, 


•  •        •  • 


•  •        •  • 


•• 


•  • 


••        ••        ••        •• 


TdbU  12  of  Revenue  Aeeount^  Table  G^l 
of  the  Beview,  and  Table  I  of  thie  Note. 

Train-mileage,  Gkx)ds,        ••        ••        •, 
TSible  2>-l  Footnote  of  the  Reviere, 

Ton-mileage,  ••        ••        ••        •• 

( I ).    Coaching  and  goods. 
Item  27  of  Table  Jf-l  of  the  Review. 

(2).    Gross  goods  only, 


•  •         •• 


Jteme  19  and  26  of  Table  M-^l  of  Re- 
vtetv. 


640 

461 
Nil 
6,976 


•  • 


•  • 


•  • 


•  •        •• 


•  •        •  • 


(8).    Goods,  Up, 

Table  C  of  Review. 

(4).    Goods,  Down, 

Vehicle-mileage,  goods  (including  brakes), 

Table  G-11,  or  items  14  and  16  of  Table 
3f-l  (previously  to  Deoemher  1874)  of 
the  Review. 

Pttiio  of  ft^^t  ton  capacity  of  gooda  vehJclee 
gTMS  gooda  ton-mileage 

Satio  of  f°^gy  '^^^  which  the  stock  waa  worked 


measare  of  work  done 


1 
B 

V 

R 


•  • 


640 
461 

mi 

6,976 


63,448,196 


89,868,816 


•  • 


•  • 


•  • 


•  • 


•  • 


8,760,802 


660 


461 

10 

6,070 


64,888,700 


87,799,092 


706 


461 

60 

6,698 


•  • 


28,908,666 


3,728,979 


66881 


670-8 


6227-2 


698-0 


•  • 


2,808,976 


727 


460 

80 

6,803 


46,048,64862,286,626 


727 

4€0 

80 

6,303 


70,722,090 


41,869,142 


•  • 


8,863,688 


4384*7 


640*6 


6164-5 


626-2 


60,733,635 


•• 


4,632,200 


1 
7457-6 

621-2 


•  Thii  ihoold  be  6,818  tons. 
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IL 

Bailwat. 

December  1870  to  June  1877. 


BHDIMO 


1878 

1874 

187ft 

1876 

1877 

Jnae 

December 

June 

December 

Jmia 

Doonnber 

Jane 

December 

June 

Decem- 
ber 

789 

727 

702 

710 

707 

707 

1 

716 

716 

701 

•  • 

460 

898 

358 

358 

346 

346 

846 

846 

846 

•  • 

142 

142 

157 

182 

194 

194 

194 

194 

194 

•  • 

7^92 

6,828 

6,606 

6,773 

6,744 

6,879 

6,928 

6,928 

6,805» 

•  • 

149,444 

167,879 

184,346 

128,748 

98,814 

122,362 

116,525 

144,867 

148,865 

•  • 

68,425,121 

71,685,296 

81,151,421 

78,377,034 

68,618,852 

72,654,636 

69,501,069 

90,861,504 

«• 

•  • 

43,826,467 

39,400,495 

58,953,696 

55,298,169 

43,954,132 

49,358,048 

44,781,132 

68,092,850 

63,327,814t 

•  • 

•• 

3,462,604 

9,660,530 

3,078,117 

2,901,498 

2,135,424 

2,350,830 

8,786,006 

4,183/»10 

•  • 

•  • 

18,075,096 

14,762,881 

14,901,521 

10,148,534 

13,140,151 

11,297,008 

18,937,444 

18,941,088       .. 

4,138,616 

4,250,937 

4,592,210 

4,622,932 

3,364,367 

3,928,278 

8,690,803 

5,491,647 

5,916,694 

•  • 

1 

1 

1 

1 

1 

1 

1 

1 

1 

•  • 

5928-9 

5770-4 

8924-3 

8164-5 

6517*6 

7176-2 

6463*8 

9828-5 

92944*1 

•  • 

6980 

736-7 

514*6 

566-2 

516-2 

547-5 

571*0 

558*8 

636-6 

•  • 

for  tbis  balf-yetf  bed  not  been  prepered  wben  tills  paper  wm  written. 
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TABLE 

Eastern  Bengal 

Shomng  the  detention 


Symbol 

Half  txae 

• 

1873 

1874 

June         December 

Jnne         December 

No  of  vehicles  constrncted,  • .  .  • 

Table  0^1  of  the  Review^  or  Table  XII.  of  Reyenne 
AccoQnt,    ••  ••  ••  ••  •• 

Vehicle-mileage — 

(a.)  Total  which  could  possiblj  be  run,  if  the  vehicle 
ran  ail  daj  and  every  dajr,  at  ''between  station" 
mile  per  hour,  ••  ••  ••  •• 

(6.)  Actual  Table  G-11  of  the  Review  or  Table  11.  of 
this  Note, 

Difference  or  detention  in  the  half-year  reckoned  in— 

(c.)  Vehicle-mileage, 

id,)  Days  per  wagon,      • .  . .  •  • 

Average  speed  in  miles  of  goods  train. 
Tahle  F.  of  the  Review, 

{f.)^e,tveeDi%tMi^<Q(siA^     .. 

07.)  Through,  ..  ..  ••  .. 

No.  of  working  dayt^  or  days  dnrine  which  the  vehicles 
ran  continoally  through  the  24  honrs  of  a  day  at  a 
speed  if         ••  '••  ••  ••  •• 

Weight  in  tons  of  a  wagon, 

Table  i4-8  of  the  Review  of  the  Revenue  Account 

Weight  in  tons  of  a  wagon  and  its  load, 


S 


D. 
Dd 


789 


I 

w 

w 


51,411,240 

4,188,616 

47,272.624 
166-4 


I5|to21i 
18i  to  17i 


14-6 
6-2 

10 


727 


48,156,480 

4,250,937 

48,905.543 
167-8 


16-0 
15-0 


702 


16-2 
6-2 

10 


46,742,820 

4,692,210 

41,150.110 
1628 


IS-O 
160 


710 


18-2 
6-2 

10 


47,030,400 

4,622,932 

42,407.468 
165-9 


150 
150 


181 
6-2 

10-3 


The  Goods  vehicle  mileage  is  that  sho^n  in  Table  0*11  ea peeing,  only;  it  should  have  been  that  paying 
Account 

{June  18731  the  Goods  vehicle  mileage  shown  in  items  14  and  16  of 

December  1 873  >     the  heading  **  total  mileage  of  each  description  of  stock  "  has 
June  1874)     not  been  framed. 

It  will  be  seen  by  referring  to  latter  Reviews  of  the  Revenue  Account  that  these  or  corresponding  items 
G-11  of  the  Review  of  the  Revenue  Account 

For  the  half-year  ending  June  1877  from  Tables  G-1  and  M-l  of  the  Review  of  the  Revenue  Account,  Uie 

Freigbt  tool 
(824-21  +  47-63  +  1  + 13*26  + 184-62)  goods  vehicles  x  4<01 

67*76  mineral  X  3*867 

4       cattle  X 1177 

Total  load  of  vehicles  in  working  order, 
Hence  the  average  freight — 

i>         I,-  1    *         I,-        ^  2565-323 

Per  vehicle  in  working  order  = -—: 

*  ,      65S-485 


)» 


constructed 


2555-.^23 

701 


204 


Similarly  for  the  half-year  ending  June  1877, 
The  freight— 

Per  vehicle  in  working  order  is 
„  constructed      „ 
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V. 

Railway. 

of  goods  vehicles , 


SKDUrO 


1875 


1876 


1877 


OF  9  HALF-TEA.&S 


Joii« 


Jane 


December 


Jane 


December 


Total 


Mean 


707 


707 


46,068,120 

3,364,867 

42,703,753 
167-8 


15-0 
15-0 


716 


701 


701 


13-2 
6-2 

10*3 


42.908,402] 
168-6 


15-0 
15*0 


15-4 
6-2 

10-2 


46,831,680  46,654,560 
3,928,278!    3,690,803 


42,963,757 
166-7 


150 
15-0 


143 
6-2 

lO-ll 


46,434,240 

5,491,647 

40,942,593 
162-^ 


15 
15 


•  • 


8 
6-2 


10-6 


45,677,160 

5,916,694 

39,760,466 
167-5 


15 
15 


•  • 


6,460 


717-8 


23-4 
6-2 

10-0 


•  • 


424,006,200 

39,996,484 

I    384,009,716 
^  1485-8 


47,111,800 

4,444,054 

42,667.746 
1651 


155-2 
55-8 

91-2 


17-2 
6-2 

10-2 


nudfreey  in  Table  G-11.  of  the  Review  of  the  Bevenue 

« 

Table  M-1  of  the  Review  of  the  Reyenue  Acoomit  under 
been  naed,  becanse,  in  those  half-yean,  Table  G-11  had 

agree  with  the  Goods  vehicle  mileage  given  in  Table 


average  freight  of  a  wagon  is  thus  fonnd  :• 

Freight  tone 
s=  2288-577 
=  262-028 
=        4-708 


D,=(V-t) 


Dd  = 


D. 


Sx«X24hoara 
/= number  of  days  in  a  half-year  (T  —  Dd). 


=  2555-323 


=:  8*9  tons. 


=  8-645  „ 

for  the  East  Indian  Railway. 

5-22  tons. 
4-84     „ 
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TABLE 
Eabtbeh  Bekgal 

Showing  per  months  for  a  period  of  12  months^  the  vehicU-mika^ 

(Taken  fram  the  acditid 


Symbol 

1876 

November    December  |  Jannazy      F^bmiy 

Goods  train  milea^,      ••           ••           ••           •• 

Mixed  train  mileage,      ••           ••           ••            •• 

Goods  train  mileage  dae  to  goods  portion  of  mixed 
train,            .•            ••            ••           ••           •• 

Freight  ton-mileage,      ••           ••           ••           •• 

OoodM  vehicle  mileage — 
(1),    Total  which  conld  possibly  be  nm  if  the  Tehide 
ran  all  day  at  **  between  station  speed "  (« 
miles)  per  honr,..           ••,          ••           •• 

(2).    Actu.l«»hiclemile.go.(g^(4»^g^j^ 

•  • 

•  • 

•  • 

•  • 

V 

•  • 

•  • 

28,784 
16,148 

6,649 

•• 

7,782,800 
908,062 
104,788 

26,408 
16,686 

6,811 

•  • 

7,990,660 

1,018,370 

107,841 

26,698 
16,704 

•  • 

•  • 

•  • 

•  • 

•  • 

28,095 
15,022 

•  • 
■• 

•• 

•• 
•• 

Total  goods  vehicle  mileage,             •• 

Deteiition  reckoned  tn-* 
(1).    Vehicle  mileage,              ••           ••           •• 

(2).    Days  per  wagon,             ••           •• 

Nnmber  of  working  days  in  the  month,  or  days  during 
which  the  yehicles  ran  continnally  at  '*  between  sta- 
tion speed  («  miles)  per  houTi  ••           ••           •• 

Tons  lifted,      • 

Jtatioof-^ 

...     Freight  ton  capadty  of  goods  stock, 

^  ^          Freight  goods  ton-mileage, 

.^      Energy  with  which  rolling  stock  was  worked, 

^  ^'                  Measore  of  work  done, 

V 

D, 

t 

•  • 

1 

1,012,860 

6,719,960 
26-07 

8*9 
82898 

•• 
•  • 

1,126,711 

'26'68 

4-4 
84868 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•• 

•• 
•  • 

•• 
•• 

R 

V 

■• 

B 

•  t 

From  Table  A7  of  the  Review  of  the  Beremie  Accoimt  for  the  half-year  endings 


•  • 


•  • 


•  • 


December  1876,  the  nmnber  of  vehicles,  including  brskes  in  a  train  was, 

June        1877,       ••  ••  ••  ••  ••  •• 

The  goods  train-mileage  dne  to  mixed  trains  for  the  ludf -year  ending— 

December  1876==  mixed  train  "aileago  X  jg^j  U  default  of  better  data,  tide  fignxts  (« 

Jane         1877=  „  X  ) 

half-year  ending  December  1877. 

Goods  vehiclemileage=  (goods  train  mileage  X  number  of  goods  vehicle  in  a  goods  train  •{- mixed 
D4=(V-»)  _.---.. 


D4  = 


D. 


8  X  «  X  24  hours. 


The  value  of  «  s  16  miles  per  hour. 
M      ^       S  s  716  for  each  of  the  months  November,  December  1876 

See  Table  No.  12  of  the  Revenue  Account  for 


In  respect  to  the  use  of  tbii 
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tm-mikagB,  mid  ratio  of^"^  ^  ma  0$  ffoodi  rmui^  stoa  «wi  uud. 

weekly  retoxiu). 


1877 


Hnch 

April 

Mtj 

JuM     1 

July 

Angnit 

BQitombv 

OetolMr 

28,867 
16,704 

80,779 
15,975 

84,877 
16,704 

80,764 
16,148 

42,415 
16,586 

48,876 
16,582 

49,224 
15,976 

48,718 
16,705 

•  • 

•  ■ 

•  • 

•  • 

6,811 

•• 

6,880 

•  • 

6,580 
6,987,442 

6,88S 
6,621,794 

•• 
•  • 
■  • 

•  • 

•  • 

•  • 

7,990,560 

1,622,798 

107,841 

7,990,660 

1,850,866 

107,641 

7,782,800 

1,888,410 

103,701 

•  • 

•  • 

•  • 

•  • 

1,780,139 

1,958,507 

1,987,011 

•  • 

•  • 
•• 

•  • 
•• 

6,260,421 
24-29 

6,082,053 
28-4 

5,745,789 
22-29 

•  • 

•  • 

•  • 

•  • 

67 

7-6 

77 

•  • 

•  • 

•  • 

•• 

•  • 

■• 

•  • 

•  • 

•  « 

•• 

6,814        1 

6,814         1 

•  • 

6,987-442-- 1026-4 

6,621,794-    957 

•  • 

•  • 

•  • 

•  • 

1983-8 

•  • 

•  • 


•  • 


•  • 


•  • 


SI  le^^^^^av^^ VA  V  0iwvsS^^A( 


15-61 
? 


1 1576G\ 

\  6-88Pf 

? 


Goodi. 

88-26 
? 


regards  the.  nmnber  of  yeliicles  in  a  tndn)  for  the  half-year  ending  Deeember  1876,  are  to  be  applied  to  the 
train  mileage  doe  to  goods  X  nmnber  of  goods  vehicles  in  a  mixed  train). 


Jnly,  Angnst  and  September  1877. 
the  half-year  ending  December  1876. 


Table  VL,  see  paragraph  10. 
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No.  CCLXX. 

JEYPORE  CHURCH— RAJPOOTANA. 

[  Vids  Frontifipieoe  and  FlAtcs  L— IV.] 


By  Caft.  S.  S.  Jacob^  R.E.^  Ejsec.  Engineer. 


Is  any  design  for  a  Church  in  India  Beyeral  points  haye  to  be  considered 
which  are  not  necessary  in  a  colder  climate,  and  the  difficulty  is  to  com- 
bine these  peculiarities  in  such  a  way  as  not  to  impair  efficiency  and  at 
the  same  time  to  be  in  keeping  with  a  style,  with  which  all  our  feelings 
of  devotion  are  associated. 

There  must  be  the  means  of  adjusting  the  entrance  of  light  so  that 
while  there  shall  always  be  sufficient,  yet  the  sun's  rays  and  heat  and  the 
glare  shall  be  excluded. 

There  must  be  m^ans  of  yentilation,  sometimes  to  i  <mit  the  air,  so  as 
to  create  a  thorough  draught  and  sometimes  to  exclude  it  altogether.  If 
Tatties  are  used,  they  must  be  where  they  can  be  easily  watered  without 
disturbing  the  congregation,  must  not  exclude  the  light,  and  must  be  so 
distributed  as  to  be  effective. 

The  Pankahs  should  have  a  good  swing,  and  should  admit  of  being  all 
pulled  in  unison  without  any  sound  whatever,  and  should  be  of  a  neat 
design  suitable  to  a  sacred  building,  and  not  like  the  articles  so  often  seen 
and  so  distracting.  The  acoustic  properties  should  be  considered,  where 
often  all  doors  and  windows  are  open.  The  doors  or  windows  should,  if 
possible,  be  so  designed  as  to  secure  privacy  and  prevent  interruption 
from  persons  outside,  so  as  to  assist  concentration  of  thought  in  the  wor- 
shippers. The  seats  should  not  be  too  close  in  a  hot  climate,  and  should 
admit  of  a  person  listening  to  or  offering  prayer  without  discomfort. 

All  woodwork  in  the  doors  or  windows  should,  as  much  as  is  possible, 
be  protected  from  the  weather  and  the  sun.    Everything  about  the  build- 

211  2  F 


2  JEYFOBB  CHURCH — RAJPOOTAKA. 

ing  should  be  thoroughly  good  of  its  kind,  and  as  unperishable  as  possi- 
ble—in order  that  the  ravages  of  white  ants  or  insects  may  be  guarded 
against  and  repairs  be  seldom  or  never  necessary. 

This  Church  has  been  built  in  the  early  English  style — and  it  is  believed 
that  all  these  points  have  been  attended  to— while  at  the  same  time  there 
is  nothing  about  it,  nor  in  any  of  its  details,  inconsonant  with  this  style 
and  feeling. 

It  is  intended  to  provide  for  100  sittings.  The  design  comprises  a  nave 
(55'  X  16')  and  two  side  or  verandah  aisles  8  feet  wide.  In  the  second 
bay  from  the  west  end  in  each  of  these  aisles  is  an  entrance  doorway  5 
feet  wide,  protected  from  the  sun  and  weather  by  a  porch  (7'  X  6')  in 
which  are  side  seats  for  the  use  of  any  one  obliged  to  wait  at  any  time. 
Over  the  entrance  porches  are  marble  panels  bearing  this  inscription, 
''Enter  into  his  courts  with  Praise  ".  The  quatre  foil  openings  over  the 
side  seats  are  filled  in  with  red  sandstone  tracery,  showing  the  sacred 
monogram.  Over  the  doors  inside  are  the  words,  ''  Draw  nigh  to  God 
and  He  will  draw  nigh  to  you  "•  ''  Him  that  cometh  to  me  I  will  in  no 
wise  cast  out  "• 

The  Font  is  placed  near  the  west  end  where  a  line  from  the  middle  of 
the  first  bays  intersects  the  centre  line  of  the  building.  It  is  entirely  of 
polished  marble,  and  was  made  in  Jeypore.  It  is  the  gift  of  a  friend. 
Round  the  plinth  is  the  inscription, ''  And  Jesus  took  them  up  in  His  arms 
and  blessed  them  ". 

The  two  last  or  east  bays  are  separated  from  the  nave  by  the  chancel 
arch  and  side  walls.  This  forms  the  Chancel,  which  is  raised  by  a  step 
of  6  inches  above  the  nave.  The  chancel  space  is  about  14'  X  12'  with  a 
raised  apse  beyond.  The  portions  of  the  aisles,  which  are  enclosed,  form 
the  Vestry  on  one  side,  and  space  for  the  harmonium  on  the  other,  each 
12'  X  8'.  They  are  fitted  with  window-seats,  shelves  and  hooks,  and  the 
arched  opening  which  connects  each  with  the  nave  is  provided  with  a 
brass  rod  and  curtain,  which  can  be  drawn  when  necessary.  Over  the 
chancel  arch  is  the  text,  "  0  send  out  Thy  Light  and  Thy  Truth — let 
them  lead  me  ". 

The  Apse  is  rather  more  than  half  an  octagon  and  provides  a  space  of 
19^'  X  8',  which  gives  room  for  the  Communion  Table,  and  allows  space 
for  officiating  Clergymen  to  pass  each  other  without  inconvenience. 

The  Altar  Bails  are  ornamental  polished  brass  standards  fitted  into  a 
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oontinaons  marble  base— -and  moiuited  by  a  shisham  wood  handrail — the 
centre  portion  of  which  is  fitted  with  a  brass  hinge  to  fold  back  horizontally. 
The  Altar  chairs  are  of  the  Qlastonbnry  pattern,  of  dark  shisham  wood, 
fitted  with  plain  red  cnshions  for  the  back  panel  and  seat. 

The  apse  is  lighted  by  three  windows,  one  in  each  face  of  the  apse, 
placed  at  a  height  of  10  feet  above  the  floor.  This  prevents  any  incon- 
venience from  the  son  at  the  Morning  Services,  which,  in  some  Charohes 
in  India,  owing  to  a  large  low  east  window,  is  nnbearable. 

The  windows  in  the  aisles  are  somewhat  similar  to  the  windows  in  the 
Bishop's  Palace,  Wells.  They  are'provided  with  comfortable  seats.  The 
lights  are  closed  with  wooden  Venetians  which  can  be  adjosted  as  required, 
or  opened  altogether  if  desired.  The  qnatre  foil  head  opening  is  closed 
with  plain  glass  at  present.  It  is  hoped  that  these  qnatre  foils  and  the 
windows  in  the  apse  may  be  filled  in  eventnally  with  stained  glass.  The 
openings  below  the  seats  are  at  present  closed  with  slate  slabs  and  inside 
with  iron  bars.  If  it  is  desired  to  have  a  current  of  air,  these  slabs  can 
be  removed,  or  tatties  can  be  placed  in  these  openings  if  necessary ;  bang 
near  the  gronnd  they  ooald  be  easily  kept  wet. 

The  windows  ontside  are  protected  from  the  sun  and  weather  by  pro- 
jecting slabs  supported  on  stone  brackets,  which  throw  a  deep  shade  over 
the  windows.  From  the  outer  edge  of  the  sunshade  wire  netting  is 
attached  to  the  ground  to  enable  evergreen  creepers  to  climb  and  by 
hanging  over,  in  festoons,  add  to  the  general  appearance  and  afford  a 
grateful  shade. 

In  the  west  end  wall  above  the  font  is  a  handsome  stained  glass  rose 
window  6  feet  in  diameter,  somewhat  after  a  circular  window  in  Peter- 
borough Cathedral.  The  mullions  are  of  white  marble.  The  window  was 
prepared  by  Ballantine  and  Son  of  Edinburgh  from  designs  furnished  here. 

The  Reading  Desk  is  from  a  design  of  Dr.  DeFabeck,  and  was  made  in 
the  Jeypore  School  of  Industrial  Art. 

The  shafts  of  the  pillars  supporting  the  nave  arches  are  circular  of 
poUshed  red  marble  and  contrast  well  with  the  caps  and  bases,  which  are 
of  dressed  stone  of  a  light  gray  colour  unpolished. 

All  the  interior  archwork  in  the  Church  (from  want  of  Funds)  is  of 
slabstone  with  plaster  mouldings. 

The  chancel  arches  spring  from  handsome  marble  corbels. 

The  roof  is  a  peculiar  feature.    Good  wood  is  not  to  be  had  here  except 
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al  a  great  coft,  while  good  slabs  are  to  be  had  in  abondanee  and  up  to 
lengths  of  20  feet  or  so.  The  shbs  are  a  mica  schist  and  Tary  from  12 
to  15  inches  in  width  and  from  9  to  12  inches  in  depth.  When  plastered 
they  form  an  imperishable  roof,  and  underneath  look  dean  and  neat 

This  Church  has  been  roofed  with  these  slabs.  The  hdght  of  the 
aisles  is  17  feet,  and  of  thenaye  29  feet. 

Hie  nave  roof  is  supported  by  drop  arches  which  spring  from  cut 
stone  corbels  in  the  spandrels  abore  the  nare  pillars,  and  the  slabs  rest 
longitudinaUy  with  the  building,  from  arch  to  arch.  The  roof  has  a  rise 
of  one  foot  in  the  centre  to  throw  off  the  rain.  There  are  hooks  in  the 
roof,  from  which  ornamental  pankahs  are  hung  by  fine  wire:  the  psnkahs 
are  all  attached  to  a  light  frame,  and  one  man  from  the  west  end  wall  can 
pull  them  all  together  in  unison.  This  obriates  what  is  so  often  seen  in 
Indian  Churches — pankahs  moving  to  and  fro  at  irregular  intervals. 

The  hdght  of  the  nave  sdmits  of  a  row  of  clerestory  windows  on  each  side 
in  the  msin  wall  above  the  versndah  roof— outside,  these  sre  protected  by 
projecting  sunshades  of  red  sandstone,  and  the  quatre  foil  openings  are 
closed  by  perforated  zinc  wire,  to  allow  of  ventilation  but  keep  out  the  birds. 

There  has  been  no  attempt  at  interior  decoration  from  want  of  FVmds. 

The  general  appearance  outside  can  be  seen  from  the  drawings— want 
of  money  has  prevented  expenditure  on  carving  or  ornament. 

At  the  east  comer  of  the  south  aisle  is  the  Tower  or  Belfry.  The 
lower  portion  at  the  level  of  the  parapet  of  the  aisle,  is  ornamental  with 
lozenge  work  in  white  and  black  marble,  with  a  triangular  pattern  in  red 
sandstone.  In  the  belfiy  there  are  louvred  trefoiled  openings  to  allow 
of  the  free  circulation  of  sound— above  the  belfry  is  an  opra  lantern  and 
small  spire  of  cut  stone  surmounted  by  an  iron  finial. 

The  canopy  of  the  windows  in  the  apse  has  below  it  a  dog-tooth  orna- 
ment in  pure  white  marble  in  a  hollow  moulding—the  supporting  shafts 
are  also  in  white  marble. 

To  finish  off  the  copings  of  the  walls  instead  of  a  corbel  table  and 
parapet,  a  light  projecting  ehhajja  or  sunshade  in  red  sandstone  has 
been  adopted,  supported  by  red  stone  brackets,  as  being  more  in  keeping 
with  this  climate  where  deep  shadows  are  required,  and  to  throw  the  rain 
off  the  walls,  which  it  does  most  effectually. 
The  Maharajah  of  Jeypore  gave  the  ground  and  Rs.  3,000  towards 

the  erection  of  this  Church. 
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The  Bpecification  is  omUied  to  saye  space.    The  Abstract  of  the  actual 
coat  is  attached  :— 

Abstract. 

c  ft  Bs. 

2,632  Concrete  foundation,  at  Rs.  9*6-5  per  100,        238 

15,367  Rabble  masonry,  at  Rs.  16-8-9  per  100,        2,543 

2,490  Cat  stone  Annagarh  gray  stone,  at  Rs.  1-12*5  per  foot,         ••.  4^428 

B.ft. 

199  Doors  and  windows  of  shisham,  at  Rs.  3-8  per  foot, 697 

c  ft 

400  Cat  stone  work,  red  sandstone,  at  Rs.  3-4>l  per  foot, 1,499 

190  Coloared  marble  work,  at  Rs.  5-4-8  per  foot, 1,005 

1,075  Skbstone  archwork  with  centrings,  at  Rs.  54-8  per  100,        .,,      586 
r.ft 

915  Slab  cornice  and  moulding  in  plaster,  at  Rs.  0-8-6  per  foot,    •••      488 
No. 

4  Red  sandstone  qaatre  foil  tracery,  at  Rs.  12-6-5  each,  ...        50 

r.ft 

15  Tooth   ornament  over  apse  windows   in    white   marble,   at 

Re.  11-6-6  per  foot, 171 

8.  ft. 

2,671  Terraced  roofing,  at  Rs.  48-7-6  per  100,  i;295 

2,230  Terraced  floor,  at  Rs.  9  per  100, 

13,273  Pkster,  indnding  lettering,  Ac.,  at  Rs.  2-13-9  per  100, 

11,075  Whito  and  coloor  washing  inside,  at  As.  0-7-10  per  100, 
Ko. 

1  Rose  window,  marble  mollions,  with  28  square  feet  stained  glass, 

ai  JBUtm  D«lo,  ...  ...  ...  •••  ...  «•■ 

r.ft 

14*5    Marble  slab  with  inscription,  at  Rs.  3-12-4  per  foot,    ... 

No. 

I    Polished  marble  font,  at  Rs.  121, 

r.ft. 

11    Chancel  raily  complete,  at  Rs.  17*5-4  per  foot,  ... 

No. 

1    Iron  finial,  at  Rs.  49, 

4    Ornamental  iron  scrapers,  at  Rs.  12-9-10  each, ... 

Mats,  chicks  and  curtains,  

Fomxture  (incomplete),    ..«        ..•        •.•        ..• 

Miscellaaeous  petty  items,  

Total  Rupees, 
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•••        ... 


... 


... 


•  •• 

201 

... 

380 

... 

54 

glass. 

... 

698 

«.« 

55 

•  a. 

121 

•  a. 

191 

... 

49 

... 

50 

... 

183 

•  .. 

176 

•  •■ 

726 

...  15,884 

3.  S*  J. 

■ 

I 

I 
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PLATE  IV. 


BRACKET  TO  SUNiMADC 


PORCH  BRACKIT 


Scale.     1  foot  =z  1  inch. 


No.  CCLXXI. 


DISCHARGE  FROM  A  TANK  WITH  CONSTANT  SUPPLY. 


By  Capt.  Allan  Cctnninoham ^  R.E.,  Htmy.  Fell,  of  Kinfs  Coll.,  Lond. 


[Prefaee.^'Tlua  Problem  has  been  proposed  to  the  Author  for  solation  from  two 
different  qoarten  i^  Tarions  timet]. 

Problem. — A  Tank  receives  a  uniform  supply,  and  discharges  orer  a 
waste-weir  with  vertical  cheek».     It  is  proposed  to  investigate — 

i.    At  what  height  the  water  would  be  in  a  state  of  permanence 

over  the  weir, 
ii.    In  what  time  it  would  attain  a  given  height. 
In  the  first  place  it  is  clear  that  until  the  water  reached  the  level  of 
the  crest  of  the  weir,  there  could  be  no  Discharge  from  the  Tank ;  and 
next  that  after  it  began  to  overflow,  the  Discharge  would  be  at  first 
very  small,  so  that  the  head  of  water  over  the  weir  would  constantly  rise ; 
the  Discharge  however  would  increase  rapidly  with  the  increasing  head, 
whereas  the  Supply  remains  constant,  so  that  finally  the  Discharge  would 
just  become  equal  to  the  Supply,  and  the  water  would  then  continue  at 
constant  level  so  long  as  the  Supply  was  kept  constant. 
The  questions  proposed  are : — 

i.    To  find  the  height  of  this  constant  level, 
ii.    To  find  the  time  in  which  the  water  would  attain  any  height  less 
than  the  above. 
From  what  precedes  it  is  evident  that  the  level  of  the  crest  of  the  weir 
is  the  most  convenient  plane  for  the  zero  of  heights,  and  the  time  of  at- 
taining this  level  the  most  convenient  "  epoch  "  from  which  to  measure 
the  times. 
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Let  t  =•  time  elapsed  in  geconds  from  instant  of  first  overflow. 

t  =  height  of  water-surface  in  tank  above  crest  of  weir  in  feet  at 

time  t 
A  =  horizontal  sectional  area  of  tank  in  sq.  fL  at  height  z. 
A,  =  horizontal  sectional  area  of  tank  in  sq.  ft,  at  crest-level. 
/  =  length  of  weir  in  feet. 

q  =  snpply  of  tank  in  eft.  per  sec.  (supposed  constant). 
Q  =  discharge  over  weir  in  eft.  per  sec.  under  (variable)  head  z. 
c  =  coefft.  of  contraction  over  weir. 
g  =  measure  of  acceleration  of  gravity  =  32  nearly. 
In  general,  it  is  clear  that  Q,  A  are  both  functions  of  z,  and  therefore 
also  of  U 

By  the  ordinary  formula  for  Discharge  over  Weirs,  neglecting  "  velo- 
city of  approach  ", 

Q  =  c.  i: .  V2?3r=  8clz^ (1). 

•*.  ^-^-^  =  rate  of  elevation  of  water  of  tank  in  feet  per  mc, (2). 

Now,  when  this  quantity  is  zero,  it  is  clear  that  there  will  be  "  constant 
level ",  viz.,  when  g  —  Q  =  0,  or  Sebr  =  q,  i.  e.,  when 

'=©'=i(^)* («)• 

The  preceding  Problem  (i)  is  simple  enough :  the  remaining  one  (ii)  is 
much  more  difficult.  In  fact  the  time  in  which  the  water  attains  a  given 
height  (less  than  the  above  of  course)  depends  in  an  important  manner 
on  the  figure  of  the  tank.  The  actual  steps  of  the  solution  which  follows 
cannot  be  followed  without  a  familiar  knowledge  of  infinitesimals,  but 
the  principle  is  simple  enough. 

By  the  principles  of  infinitesimals  it  is  clear  that  the  '<  rate  of  eleva- 
tion" of  equation  (2)  is  in  fact  <^>  so  that 

*  =  4S,  whence  *  =  ^  •  d., W- 

Hence,  since  <  =  0,  when  a  =  0, 

•••'=/>'=/:  f^ ••■••(')■ 

And  smce  A  is  supposed  to  be  a  knaum  function  of  g,  and  since  Q  is  given 
as  a  function  of  t  by  (1),  this  completes  the  general  solution  of  the  Prob- 
lem.   To  make  the  solution  take  a  definite  form,  it  is  only  necessary  to 
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assign  the  fanetional  fona  of  A  (t. «.,  the  figure  of  the  Tank).    The  only 
cases  of  interest  appear  to  be—  ^ 

Cask  i.    Tank  with  vertical  wcUla. 

Casb  ii.     Tank  with  vnifcrm  itde^alopea, 
Cabi  i.     Tasds  with  vertical  waUa.    Here  A  is  of  oonrse  constant. 

.M  =  a/;— i!L- (6). 

The  integration  is  most  conveniently  effected  by  rationalization  by 
writing  z  =  sc*,  which  gives — 

•/off  —  8ci«* 
the  integral  of  which  is  given  in  Hirsch's  Integral  Tables,  (Table  XXXIX.) 

.h«.  »=  -  i  ^|., (8). 

which  gives  ezplidty  the  time  t^  in  which  the  water  level  wiQ  attain  the 

height  g. 

Oasb  ii.     Uniform  side-shpeB.    It  is  not  di£ScaIt  to  see  (by  drawing 

a  figure)  that  in  this  case  the  area  A  at  height  b  is  always  expressible  in 

form 

A  =  A,  +  a?  +  fiz\ (9). 

Thus  taking  an  actual  example,  suppose  the  Tank  rectangular  in  plan, 

and  let 

a^,  h^  be  the  sides  of  cross-section  A,  at  crest  level. 

a,  5  be  the  sides  of  cross-section  A  at  height  z. 

i  be  the  inclination  of  side  slopes. 

Then  it  is  easy  to  see  (by  drawing  a  figure)  that 

a  =  a^  +  2«  cosec  t,  B  =  5,  +  2r  cosec  t 

A  s=  a6  =:  a, 5,  +  2  (a,  +  ^J  jr  cosec  t  +  4e*  cosec' t, (10). 

which  is  obviously  of  form  proposed  (9). 

Thus  in  general  in  the  case  of  uniform  side-slopes  Eq.  (5)  becomes 

'=/;  "^^"^i^dz (11). 

The  integration  is  agam  to  be  effected  by  a  prior  rationalization  by 
writbg  %  =  s',  which  gives 

219  2  o 


4  UlSCHAIiGE    FROM    A    TANK    WITH    CONSTANT    SUPPLY. 

the  integral  of  which  may  be  taken  from  Hirscli's  Integral  Tables,  Table 
XXXIX.y  and  will  be  foand  to  gire  after  algebraic  reduction,  and  paying 
attention  to  the  limits,  and  substitnting  x  =  ts/z,  as  final  result, 

'  =  5ra(4'  +  "')"««-^'-rfJ(4'-*)'"-ii^  - 
- 1  ir  "OS-  ( I  +  -f)  -  ni(»  VI+  J  «»') (IS), 

where  *=-^    /^,  as  before, (14). 

which  gives  the  time  t  in  which  the  water  level  will  attain  the  height  z. 

The  most  important  time  (t)  to  determine  would  appear  to  be  that  of 
attaining  the  "  permanent  level "  given  by  Eq.  (3).  Now  that  Equation 
gives  V==  i  ^q^el=-  —  kf  and  this  renders  both  Results  (7),  (13) 
if^nite,  that  is  to  say — 

**  Absolute  permanent  water-level  will  be  attained  only  in  an  infinite  time.".. ..(16), 

in  both  Gases  i,  ii.  But  further,  on  examining  Eq.  (5),  this  Result 
(15)  is  seen  to  be  generally  true,  because  the  upper  limit  of  the  integral 
(which  corresponds  to  the  state  of  ''  permanent  level ")  is  defined  by  the 
condition  ^  —  Q  =  0,  so  that  the  element  function  A  -r  (^  ~  Q)  under 
the  integral  sign  is  in  general  infinite  at  the  upper  limit.  This  generally 
involves  that  the  integral  itself,  t.e.,  the  value  of  t  is  also  infinite,  so  that 
Result  (15)  is  generally  true,  except  when  the  area  (A)  changes  in  such  a 
manner  as  to  render  the  Result  finite,  an  (exceptional  case). 

The  explanation  of  this  Result  (15)  is  that  the  Discharge  (Q)  in- 
creases at  first  rapidly,  but  more  slowly  as  it  approaches  equality  with  the 
Supply  (g),  and  ultimately  when  nearly  equal  to  q  increases  very  slowly 
indeed,  so  that  it  can  never  become  actually  equal  to  the  Supply  in  any 
finite  time. 

It  may  be  remarked  that  this  Result  of  a  state  of  permanent  motion 
being  attained  only  after  the  lapse  of  an  infinite  time  is  the  ordinary 
Result  of  all  problems  of  retarded  fluid  motion. 

It  might  also  be  proposed  to  ascertain  the  height  (jr),  which  the  water 
level  would  attain  in  a  given  time  t.  The  solution  of  this  for  the  cases  of 
a  Tank  with  rertical  walls  or  with  uniform  side-slopes  is  implicitly  con- 
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tained  in  Results  (7)  and  (18),  but  the  equations  are  so  complex  that  a 
namerical  solution  only  could  be  obtained,  and  that  only  by  a  laborious 
approximation. 

Practical  Remark. — The  solution  here  giren  is  probably  the  best  that 
can  be  giren  in  the  present  state  of  Hydraulic  Science.  Its  practical 
utility  is  howeyer  considerably  diminished  by  the  uncertainty  in  the  pre- 
sent state  of  science  as  to  the  value  of  the  '^  coeflScient  of  contraction/* 
(c).  It  is  also  hardly  probable  moreover  that  the  ''  Supply  **  into  a  real 
Tank  would  be  constant  for  any  length  of  time,  as  proposed  in  the  con- 
ditions of  the  Problem. 
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ON  THE  EFFECT  OF  USING  A  BRAKE  SO  AS  TO  PRO- 
DUCE "SKIDDING"  OF  THE  WHEELS  BRAKED 

OF  A  RAILWAY  TRAIN. 


Bt  CikPT.  H.  WiLBBRFOKCB  Cla&ke^  R.E.,  Offg.  Dq^.  CwMuUing 
Engineer  for  Ouaranieed  Railways, 


Ths  idea  is  popxilarly  entertaiiied  that  the  retarding  effect  of  a  brake  is 
not  80  great  when  the  wheels  are  "  skidded,*'  as  when  they  are  permitted 
to  rotate  slowly. 

This  idea  will  be  f onnd  in  the  <^  Roorkee  Treatise  of  Civil  Engineer- 
ing, "  published  m  1877,  page  889,  Vol.  U.,  in  the  following  form  :— 

In  tire-brakes  greater  retardation  is  produced  if  the  brakes  are  not 
pressed  hard  against  the  wheels,  during  the  whole  time  required  for  stop- 
ping a  train. 

And,  at  a  trial,  which  I  lately  attended— an  Engme-driyer  of  a  Mail- 
train  sud:-— 

<'  When  the  brake  was  put  on,  the  wheek  skidded.  The  retarding 
effect  is  not  so  great  then  as  when  the  wheels  reyolye.*' 

From  the  Report  of  the  Commissioners  (Royal  Commission  on  Rail- 
way Accidents  1877),  Supplementary  in  Series,  page  108,  we  haye  the 
information  set  forth  in  the  folloiring  Table  :— 
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2    ON  THE  KFFECT  OK  ItSING  BRAKE  60  AS  TO  PHODUCK  "fiKIDDlNO,"  ETC. 


No.  of  train, 

Midland  railway  train,  

Nature  of  brake  ased,  

Weight  in  tons — 

Of  train, 

Besting  on  braked  wheels, 

Percentage  of  weight  of  train  resting  on 
braked  wheels,  

Number  of  wheels 

To  which  brakes  were  applied,  .  • 
In  train,    . .        . .        .  • 

Time  occupied  in  traversing  last  800  feet,. . 

Speed  at  signal  post- 
Miles  per  hour,    

Feet  per  second, 

Train  stopped  in— 

Feet,         

Seconds,  

Fu-vfod  in  foot  tons  per  second, 

Mean  retarding  force — 

Tons,        

Beckoned  as  percentage  of  gross  load,.. 

Friction  of  train  in  tons, 

Mean  retarding  force  produced  bj  brakes- 
Tons,        

Percentage  of  gross  load, 

State  of  rails,  

Brakes  how  applied,  : 


•  • 


1 

Six  vans. 
Hand-brake. 

a        64-6 
b         54-5 

c        100 

d         24 
€  24 

/  13f 

ff         395 
h        58-18 

i        679 
k  19| 

/        2864 

m  4-22 
n  7-74 
o  0-22 

p  40 

q  7*84 

r       Dry.* 

Not  with  full 
force. 


Six  vans. 
Hand-brake. 

a        54-5 
b         54*5 


d 

e 

/ 
h 


100 

24 
24 
131 

40 
5872 


i  577 
k  17 
I        2917 

m  506 
n  9*28 
o  0-22 

p  484 

9  888 

r       Dry.f 

With  full  fbi«e 
so  as  to  produce 


skidding. 


It  will  be  observed  that,  in  consequence  of  a  slight  difference  in  the 
speed,  the  via-vivd  of  one  train  is  not  equal  to  the  vis-vivd  of  the  oth  er. 

*  One  pair  of  wheels  in  two  vane  skidded  at  Ant,  but  were  immediately  leleased. 
t  One  pair  of  wheels  in  the  leir  van,  nearest  centre  were  not  skidded. 

Column  p  =  (m^o) 


aXlOO 
Column  c  =  — -— - 
o 


9* 


»t 


» 


/  = 


_  weight  of  train  in  tons  x  (speed  in  ieet  per  second)* 

64-4 

I 

«=- 

_  mX  100 


pxlOO 

,  =  __ 
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To  ascertain  how  far  train  No.  1  wonld  hare  gone  had  its  vis-vivd 
been  the  same  as  that  of  No.  2,  we  have  the  following  proportion : — 

Foot  tons.       Foot  tons.  Ftoet.       Feet. 

2917     :     2864   =    577     :   x 
677X2864         rc^.r  r-  ♦ 

^  — 5917 —  ^  o66*5  feet. 

Hence  the  distance,  a  train,  whose  vis-vivd  is  2,864  foot  tons,  will  go 
is: — 

679    feet  when  the  hand-brake  is  not  fully  applied. 

566^  ditto  ditto  applied  so  as  to  produce  skidding. 

H.  W.  C. 

Ut  Aprilj  1878. 
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No.  CCLXXIII. 

ON  THE  CONSTRUCTION  OP  THE  NARORA  WORKS. 
HEAD  OF  THE  LOWER  GANGES  CANAL. 

[  Vide  Plates  L  to  XVI]. 


By  Major  H.  Hblsham  Jones,  R.E. 


Bbforb  entering  on  the  proper  sabject  of  this  Paper  it  seems  desirable  to 
give  a  slight  sketch  of  the  history  and  general  design  of  the  Canal. 

The  (original)  Ganges  Canal,  as  most  readers  of  this  Paper  are  pro- 
bably aware,  was  designed  and  constructed  by  Sir  Proby  Cantley  of  the 
Bengal  Artillery.  The  famine  of  1838  led  to  the  project  for  its  con- 
struction being  taken  up  in  1839,  when  snrveys  were  begun.  Work  was 
carried  on  slowly  and  with  many  interruptions,  owing  to  wars  and  other 
causes,  up  to  1847  when  the  Government  of  India  resolved  that ''  the 
more  vigorously  the  work  can  now  be  prosecuted,  the  cheaper  it  will  be 
for  the  State."     The  canal  was  formally  opened  in  1 854. 

The  Ganges  Canal  has  its  Head  Works  at  Hardwar,  nineteen  miles 
above  Roorkee,  at  the  point  where  the  Ghinges  issues  through  the  Sewalik 
range  into  the  plains.  From  thence  it  has  a  course  of  850  miles  to 
Cawnpore  where  its  surplus  water  is  given  back  to  the  parent  stream. 
It  throws  off  several  branches  which  irrigate  more  or  less  thoroughly  the 
country  through  which  they  pass.  The  red  colour  in  Plate  I.  shows 
approximately  the  extent  of  country  irrigated  in  1876,  which  amounted 
to  about  900,000  acres  or  1400  square  miles.  This  area  however  is 
considerably  less  than  that  which  the  projector  of  the  Canal  intended  to 
irrigate  and  which  the  needs  of  the  country  demand.  It  was  therefore 
necessary  to  supplement  the  snpply.* 

The  Head  of  the  Ganges  Canal  is  situated  so  dose  to  the  hills  that  the 

*  The  Ganges  Oanal  hu  618  mllet  of  main  connl  and  brancliM,  and  about  8860  niU«B  of  distrlbn- 
tariei.  Irrigation,  generally  speaUng,  extends  one  mile  on  each  elde  of  a  diiUbntary  channel, 
or  rajtmha  Coneeqaently  the  canal  commands  abont  6730  square  miles.  It  irrigates  aboQt  30  per 
cent,  of  its  field  annnally. 
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bed  of  the  river  there  consists  of  lar^e  boulders.  Consequently  thoagh 
all  the  apparent  supply  of  the  river  may  be  drawn  off  a  large  qaantity  of 
water  filters  away  unobserved,  and  can  only  be  caught  lower  down  where 
the  bed  is  of  a  closer  nature. 

The  Ganges  Canal  is,  as  above  stated,  350  miles  in  length.  It  is 
evident  that  there  must  be  considerable  administrative  difficulties  in  work- 
ing a  canal  of  such  length  extending  through  a  long  stretch  of  country 
from  north  to  south  passing  through  districts  having  various  wants  and 
different  kinds  of  cultivation.  Moreover  there  are  no  less  than  twelve 
"districts"*  to  be  dealt  with  ruled  over  by  twelve  Collectors  with  their 
different  ideas.  With  them  as  well  as  with  the  three  Commissioners  of 
Meerut,  Agra,  and  Allahabad  the  Engineers  in  charge  of  the  canal  have  to 
transact  business.  Then  there  is  great  loss  by  evaporation  and  percola- 
tion before  water  taken  in  at  Hardwar  can  be  used  in  irrigating  at 
Etawah  or  Cawnpore,  so  that  if  water  can  be  obtained  by  a  shorter  road, 
it  is  evidently  desirable  to  relieve  the  works  in  the  upper  parts  of  the 
canal  from  the  strain  of  carrying  what  is  required  for  the  irrigation  of 
the  lower  districts. 

The  Lower  Qanges  Canal  is  intended  to  relieve  the  old  Ganges  Canal 
of  the  duty  of  irrigating  the  country  in  the  lower  part  of  its  present 
field,  to  set  free  a  large  volume  of  water  for  use  in  the  more  complete 
irrigation  of  the  upper  part  of  that  field  and,  by  bringing  in  a  supply  of 
water  drawn  from  the  Ganges  at  a  long  distance  below  Hardwar,  f  to  irri- 
gate the  country  which  it  takes  over  from  the  old  canal  more  economi- 
cally than  at  present.  Also  to  extend  the  irrigation  of  the  Ganges- 
Jamna  Doab  as  far  down  as  the  Allahabad  District.  Plate  II.  shows  the 
Doabf  as  re-distributed  for  irrigation  between  the  old  and  new  canals. 
It  is  on  the  same  scale  as  and  may  be  compared  with  Plate  I. 

Since  a  dam  situated  many  miles  below  Hardwar  will  give  the  head 
required  for  commanding  the  lower  Doab  and  will  intercept  water  which 
escapes  the  Hardwar  dam,  as  well  as  a  considerable  volume  received  by 

.  *  An  Indian  CivU  District  is  na  large  as  many  English  connties  and  is  managed  by  a  eiril  officer 
styled  Magistrate  and  CoUector.  Three  or  four  Buoh  districts  form  a  Division  which  is  saperin- 
tended  by  a  Commissioner. 

t  Hardwar  to  Narora,  by  the  riTer»  abont  160  miles. 

t  Doab.  This  is  a  nsefal  Persiaa  word  which  has  no  Bnglish  eqnlTalent.  Deriration.  Do,  two ;  6!^, 
water.  It  means  the  whole  tract  of  coontry  between  two  riren.  The  Ganges-Jamna  doab  is  known 
as  "  The  Doab."  In  the  Panjab  the  doabs  are  named  by  combining  the  consonants  of  the  names  of 
the  two  rirers.  Thns  the  Rachna  doab  is  that  between  Bavi  and  Chenab :  the  Jach  doab  hetweea 
Chenab  and  Jh^Iam. 
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the  river  in  its  downward  coarse,  it  is  possible  to  attain  the  object  in 
view  without  very  largely  reducing  the  allowance  of  water  to  be  taken  in 
at  Hardwar.  The  Ganges  Canal  usually  takes  in  from  5300  to  6000 
cnbic  feet  per  second  in  the  cold  season.  This  amount  is  to  be  reduced 
by  750  to  1000  cubic  feet.  Under  this  arrangement  it  is  expected  that 
from  8000  to  8500  cubic  feet  per  second  will  be  obtainable  at  the  new  canal 
head  in  the  cold  season.  For  purposes  of  navigation  the  old  canal  must 
keep  up  a  supply  of  750  to  1000  cubic  feet  in  the  Cawnpore  branch. 
This  will  pass  on  to  the  new  canal  and  bring  up  the  cold  weather  supply 
to  from  8750  to  4500  cubic  feet  per  second.* 

The  Lower  Ganges  Canal  is  intended,  like  the  older  canal,  to  provide 
for  navigation  as  well  as  for  irrigation,  but  of  course  the  former  will  be 
subordinate  to  the  latter.  As  the  velocities  of  the  new  canal  will  be 
much  lower  than  those  of  the  old  one,  even  as  now  moderated,  the  con- 
ditions are  so  far  more  favourable.  The  intereste  of  irrigation  and  navi- 
gation are  so  essentially  divergentj*  that  no  very  great  amount  of  trafiSc 
can  be  hoped  for.  The  Lower  Ganges  Canal  in  combination  with  the 
old  canal  will  give  water  communication  between  Hardwar  and  Allahabad 
and  thence  to  Calcutta  by  the  river. 

The  Committee  of  which  Colonel  E.  Lawford  R.E.  (Madras)  was 
preeident,  which  reported  on  the  Ganges  Canal  in  1866,  notices  Rajghat 
as  a  possible  sight  for  the  Head -Works  of  a  canal  for  supplementing  the 
irrigation  of  the  Ganges  Canal  and  for  supplying  additional  water  for 
the  lower  part  of  the  Doab.  That  Committee  formed  a  rough  design 
and  estimate  for  the  Weir  and  an  estimation  of  the  cost  of  the  canal 
amounting  altogether  to  nineteen  millions  of  rupees.  They  concluded 
that  *'  the  project  may  he  worthy  of  more  careful  examination  at  some 
future  period." 

The  project  was  first  taken  up  in  earnest  in  the  year  1869.  The  site 
for  the  Head  Works  was  then,  after  carefal  survey,  fixed  at  Narora.  This 
place  is  four  miles  below  the  Ganges  Bridge  of  the  Oudh  and  Rohil- 
kfaand  Railway  at  Rajghat  and  the  same  distance  above  Ramghat,  where 

*  Tba  lemttt  dteharges  raglitered  at  Naron  has  been  16S0  enbio  feet  in  May  1878,  and  1869  cahic 
feet  in  Febniaxy  1870.  The  dtioharga  U  umally  not  below  noo  cable  feet  while  the  Oangca  Caniil 
ii  ninning  a  fall  anpply . 

•  Take,  for  example*  the  dnBle  Item  of  alUgnment.  To  be  saooewful  a  naTigabie  canal  ihonld 
oooaect  the  large  towoa  of  a  dlithet  with  the  capital.  Whereaa  the  first  condition  of  an  irrigation 
canal  Is  that  it  moat  keep  on  the  main  watershed  of  the  conntry.  The  Ganges  Canal  does  not  toach 
one  of  the  large  towns  betwera  Hardwar  and  Cawnpore. 
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the  old  road  from  Aligarh  to  Bareilly  crosses  ihe  Ganges.  It  is  in  the 
Balandshahar  District  and  30  miles  from  Aligarh  by  road.  (The  Raj- 
ghat  station  of  the  Oadh  and  Rohilkhand  Railway  is  also  30  miles  from 
Aligarh.) 

The  year  1870  was  spent  in  perfecting  the  suryeys  and  in  making  de- 
signs, and  1871  in  lining  oat,  search  for  material,  &c.  &c.  The  Naron 
Di?ision  was  formed  early  in  187^.  In  October  of  that  year  brick- 
making  was  begnn,  some  houses  were  bnilt  and  the  Workshop  boild- 
ings,  which  it  was  important  to  have  ready  and  fitted  up  as  early  as 
possible,  were  began.  As  it  tamed  oat  these  were  not  began  soOn  enough, 
nor  did  the  machinery,  which  had  to  be  obtained  by  a  cumbrous  system  of 
indenting  on  England,  arrive  early  enough,  and  the  resalt  was  that  the 
Workshops  could  not  be  oiganized  before  the  first  working  season  (that 
of  1873-74).    Thiji  caused  considerable  delays  to  the  work. 

The  Workshops  were  formed  into  a  separate  Division ;  an  arrangement 
which  it  is  not  desirable  to  imitate  elsewhere,  as  it  leads  to  a  great  deal 
of  additional  correspondence  and  accounting  and  to  a  division  of  respon- 
sibility. 

At  the  beginning  of  1873  about  90,000  bricks  had  been  made,  houses 
to  shelter  a  small  establishment  were  ready  and  the  Workshop  buildings 
were  fairly  advanced.    No  machinery  had  yet  arrived  from  England.    A 
small  quantity  of  timber  and  some  block  kankar  had  been  collected.     It 
was  at  this  stage  that  the  present  writer  took  charge  of  the  works  in 
March  1873.    Before  proceeding  to  the  arrangements  made  for  the  exe- 
cution of  the  works  it  will  be  well  to  describe  generally; 
I. — ^The  nature  of  the  site. 
II. — ^The  character  and  dimenuons  of  the  Works  to  be  constructed. 
III.— The  materials  available,  and  the  style  in  which  the  works  were 
to  be  carried  out. 

/.     The  nature  of  the  site. 

Plate  lU.,  Fig.  1,  shows  generally  the  state  of  the  site  at  the  time 
the  work  was  first  laid  out.  The  crest  line  of  the  weir  was  laid  at 
right  angles  to  a  line  joining  the  right  abatment  of  the  Rajghat  Rail- 
way Bridge,  with  the  right  flank  of  the  works.  This  was  fixed  at  a 
point  withdrawn  about  30  feet  from  the  actual  bank  of  the  river  near 
the  little  hamlet  of  Jairampur*  and  about  4,000  feet  below  the  village  of 

*  Jftirampar  haa  einoe  b«en  remoTtd  to  a  new  ftu. 
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NftTora.  The  high  bank  which  in  all  places  bonnds  the  Ganges  Khadir 
on  the  right,  and  which  {see  Plate  III.)  runs  tolerably  straight  from 
Rajghat  to  this  point,  here  bends  to  the  westward  while  the  rirer  continaea 
in  a  nearly  southerly  coarse  to  Ramghat,  leaving  a  strip  of  low  land  to  its 
right. 

By  placing  the  weir  in  the  position  chosen  it  became  possible  to  carry 
the  canal  along  this  strip  of  low  ground  (or  khadir  land)  as  far  as  Ram- 
ghat,  thns  avoiding  four  miles  of  heavy  excavation.  The  average  eleva- 
tion of  the  high  ground  near  the  river  above  low  wat«r  level  is  aboat  36  feet. 
The  canal  channel,  as  will  be  seen  on  Plate  IIL,  Figs.  8  to  6,  is  carried 
along  just  below  the  edge  of  the  high  ground.  It  may  seem  that  this  is  a 
dangerous  position  but,  owing  to  the  curious  fact  that  the  slope  of  the  country 
is  westward  away  from  the  river,  very  little  drainage  passes  into  the  khadir 
on  this  part  of  the  line.  It  is  only  where  the  vertical  face  is  broken  by 
ravines  which  have  cut  back  that  any  drainage  surface  water  flows  into  the 
khadir.  Advantsge  was  taken  of  this  peculiarity  in  forming  the  station 
river  face  slopes  at  Narora.*  The  ravines  were  filled  up  with  spoil,  the  slope 
turfed,  and  an  edging  one  foot  high  run  along  the  crest  of  the  slope  to 
prevent  cutting.  The  drainage  of  the  station  then  all  flowed  westward 
away  from  the  edge  of  the  high  ground. 

In  April  1878  when  the  works  were  laid  out  the  actual  river  bed  oc- 
cupied little  more  than  half  of  the  whole  width  allowed  for  the  Weir  and 
Bluioes  viz.  about  2400  feet  out  of  4185  feet.  This  left  1780  feet  the 
whole  of  which  was  khadir  land  above  the  level  of  any  but  the  highest 
floods.  The  odd  80  feet  only  lay  on  the  right  (or  west)  bank  and  the 
rest  on  the  left. 

The  bed  of  the  river,  as  described  by  Gol.  Lawford,  consists  of  remark- 
ably fine  micaceous  sand  totally  unlike  that  of  the  Madras  rivers.  It 
sinks  when  wet  under  the  slightest  pressure.  The  high  bank  on  the 
right  is  formed  of  coarser  red  sand  with  a  slight  mixture  of  clay  and 
is  supported  by  some  beds  of  day.  The  headland  of  Ramghat  is  very 
strong  and  has  some  beds  of  kankar  in  it,  but  this  is  by  uo  means  the 
case  everywhere.  A  great  deal  of  the  village  of  Narora  has  been  washed 
away  in  comparatively  recent  floods. 

The  left  bank  is  low  and  consists  of  merely  the  same  sand  as  the  bed 
with  a  few  thin  layers  of  alluvial  soil  in  it  and  has  no  power  to  resist  the 
action  of  the  river  when  directed  forcibly  on  it.     The  actual  boundary  ojf 
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the  Qanges  yalley  or  khadir  is  distani  on  this  aide  from  12  to  14  miles, 
(see  Plate  IV.)  The  section  is  rery  peculiar  and  demands  certain  precaa- 
tions  which  will  be  referred  to  later. 

The  light  silt  of  the  rirer  is  of  coarse  liable  to  be  rery  deeply  scoared 
out  in  floods,  bat  it  was  believed  that  a  bed  of  clay  which  had  been 
found  to  exist  at  a  pretty  aniform  depth  of  about  SO  feet  below  L.  W.  M. 
at  the  Rajghat  bridge  from  bank  to  bank  would  be  met  with  here  also. 
This  was  subsequently  found  to  be  the  case. 

IL-^Tht  charcxttr  and  dimenaiana  of  th$  works  to  be  constructed. 

Plate  y.  is  a  general  plan  of  the  works,  which  consist  of — 

(a.)  A  weir  8800  feet  in  clear  length  between  the  abutments.  This 
is  known  as  "  The  Weir  Proper  '*.  It  is  supported  on  its  left  flank  by  a 
work  known  aa  the  Left  Wing  Wall  which  extends  242  feet  up-  and 
down-stream.    On  its  right  flank  it  rests  on  the  Weir  Sluices. 

(5).  A  set  of  sluices  on  the  right  bank  adjoining  the  Weir.  These 
sluices  are  42  in  number,  each  opening  being  7  feet  8  inches  in  clear 
width  with  piers  of  2  feet  9  inches.  This  work  is  known  as  "  The  Weir 
Sluices  '*  and  is  444  feet  in  length  including  its  abutments.  It  stands  in 
prolongation  of  the  Weir  Proper. 

(c.)  Formmg  by  its  face  line  an  angle  of  105^  with  the  crest  line  of 
the  Weir  lies,  on  the  right  bank, "  The  Canal  Head  **.  This  work  stands 
on  a  floor  50  feet  wide  and  is  connected  with  the  Weir  Sluices  by  a  re- 
▼etment  wall  80  feet  long.  It  contains  80  sluices  of  7  fei,et  clear  open- 
ing for  admitting  and  regulating  the  canal  supply.  The  total  width  of 
this  work  between  abutments  is  282  feet  6  inches.  The  canal  revetments 
springing  from  it  are  slightly  convergent  and  at  250  feet  from  the  face 
line,  the  regular  channel  of  the  canal  begins  on  a  curve  of  8100  in- 
creasing to  4800  feet  radius  with  a  bottom  width  of  211  feet  and  side 
Hlopes  of  ^  to  1. 

At  a  distance  of  751  feet  up-stream  of  the  crest  line  of  Weir  is  the 
entrance  to  the  Lock.  Its  axis  makes  an  angle  of  80°  with  a  normal  to  the 
crest  line  and  is  set  back  110  feet  from  the  normal  at  point  O  (see  Plate 
V.)  It  is  connected  with  the  Canal  Head  by  a  curved  wall  401^  feet 
in  length,  called  the  River  Wall. 

The  Lock  is  20  feet  wide  at  bottom,  and  has  a  clear  length  of  ^50 
feet  between  the  gates.  The  right  wall  of  the  head  bay  is  continued  78 
feet  up-stream  in  continuation  of  the  River  Wall  allignment  and  ends 
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with  a  return  of  43^  feet  into  the  bank. . .  On  this  return  wall  rests  a  pud- 
dled clay  bank  with  a  kankar  facing  which  is  carried  1000  feet  up-stream  to 
the  Narora  InspectioQ  House.  This  supports  a  turfed  slope  and  protects 
a  road  which  descends  at  a  gradient  of  one  in  forty  from  the  Inspection 
House  to  the  Lock.  This  completes  the  works  on  the  right  ?)ank  of 
the  ri?ery  the  natural  high  bank  being  of  course  the  best  possible  point 
dappuU 

On  the  left  bank  however  the  case  is  different.  Reference  has  been 
already  made  to  the  peculiar  cross  section  of  the  Ganges  Valley  at  Na- 
rora, which  is  very  clearly  shown  by  the  section  on  Plate  IV. 

In  raising  by  means  of  a  weir  the  natural  flood  level  of  a  river  there 
is  always  the  danger  of  an  overflow  to  be  guarded  against,  where  the 
banks  are  low.  Should  a  high  flood  get  round  either  flank  it  of  course 
returns  with  great  force  to  the  stream  and  when,  as  is  the  case  with  the 
rivers  of  the  Doab,  the  soil  is  only  fine  sand,  great  precautions  are  ne- 
cessary to  prevent  the  formation  round  the  flank  of  the  Weir  of  a  deep 
channel  which  it  would  be  di£Scult  and  costly  to  close.*  The  left  flank 
of  the  Narora  Weir  would  therefore  t n  any  case  require  very  careful  pro- 
tection. But  the  section  points  to  another  danger,  inasmuch  as  the 
Oanges  at  the  present  time  does  not  run  in  the  lowest  part  of  its  own 
valley  but  in  a  comparatively  high  level  bed  on  the  western  edge  of  it. 
There  is  therefore  the  necessity  of  guarding  with  special  care  against 
any  tendency  to  spill  to  the  East. 

Accordingly  an  embankment  15  feet  wide  at  the  top  and.  designed  9 
feet  above  the  highest  possible  flood  has  been  carried  from  a  point  1000 
feet  East  of  the  Left  Wing  up  to  the  embankment  of  the  Oudh  and  Bohil- 
khand  Railway  opposite  Rajghat  (a  distance  of  four  miles)  and  this  longi- 
tudinal embankment  has  been  strongly  protected  by  three  groynes  at 
right  angles  to  it  projected  into  the  river.  The  longest  of  these  groynes 
is  4600  feet  in  length  and  the  shortest  2400  feet  (see  Plate  III.,  Fig.  6.) 
As  the  construction  and  action  on  the  river  of  these  works  has  been 
described  in  a  recent  paper  (No.  COXX^IY.)  no  further  mention  of 
them  will  be  made  in  the  present. 

The  following  are  some  of  the  principal  levels  reduced  to  the  Great 
Trigonometrical  Survey  datum  of  Mean  Sea : — 

•  A  CMB  of  this  kind  occurred  at  Okhla  in  1871  and  is  deacribed  in  No.  CXZVI.  of  these  Papers, 
page  9I17«  Vol.  III.,  Seoond  Beriea. 
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B.  L. 

Ij.  W.  M.  of  Qanges  in  iU  normal  state,  (or  **  Sommer  Lerer'),  575-00 

H.  W.  M.  Bed  of,  „  „  „  . .  569-00 

(or  Highest  Flood),  „  „  „  ..  588-00 

H.  W.  M.  above  Weir  when  complete  (calcniated),  •  •  . .  590-00 

Level  of  Weir  Floor  (surface),  ••  ..  ..  ..  572*00 

„     Oestof  Weir,  ..  ••  ..  ••  581*75 

„     Canal,  (sill  of  Head  SInices,)     . .  . .  . .  575*00 

„     Floor  Weir  Sluices,      ..  ..  ••  ••  672-00 

„     up-stream  Platform  of  Weir  Sluices  and  of  top  of  all 

revetments  of  the  CTrest  lane  of  Weir,    •  •        • .  598*00 

Plates  VI.  to  X.  show  the  works  ia  detail. 

The  Left  Wing  wall  {Piatea  VI.  and  VII.)  is  an  ordinary  reyetment 
on  well  foundations. 

The  Weir  Proper  (see  PlaU  V III.)  consists  of  a  wall  8  feet  thick  at  base 
and  9  feet  9  inches  high  standing  on  a  line  of  blocks.  The  water  falling 
over  this  wall  will  descend  upon  a  floor  40  feet  wide  and  5  feet  thick.  The 
down-stream  edge  of  the  floor  is  supported  by  a  line  of  eight-feet  weDa 
snnk  to  20  feet  below  L.  W.  M.  and  haying  the  interyals  yery  carefoUj 
piled.  An  apron  up-  and  talus  down-stream,  formed  of  heayy  material, 
•omplete  the  section. 

The  Weir  Sluices  (Plates  VII.  and  IX.)  form  a  double-storied  building 
standing  on  an  ashlar  floor  427  feet  long  and  155  feet  wide.  The  floor 
is  1  foot  thick  with  4  feet  of  brickwork  and  concrete  under  it.  The  entire 
area  of  the  foundation  is  enclosed  by  wells.  The  part  of  the  foundations 
under  the  spperstructure  is  entirely  composed  of  blocks  in  four  lines,  and 
other  lines  of  blocks  break  up  the  rest  of  the  area  into  compartments  of  a 
size  manageable  for  pumping  and  concreting.  The  Canal  Head  (Plates 
VII.  and  X.)  stands  on  a  floor  282  feet  6  inches  long  by  50  wide.  The 
foundation  area  is  broken  up  like  that  of  the  last-mentioned  work  but  as 
the  superstructure  is  lighter  there  are  no  blocks  under  it.  The  whole 
foundation  is  composed  of  concrete  rammed  into  the  compartments  formed 
by  the  blocks.  The  construction  of  the  Riyer  Wall  and  Lock  is  similar, 
the  former  standing  on  12  feQ.t  wells  and  the  latter  on  block  foundations. 

A  part  of  the  wells  are  sunk  down  into  the  clay  bed.  These  are  the  wells 
under  the  Left  Wing,  those  under  both  abutments  of  the  Weir  Sluices  and 
the  line  of  wells  supporting  the  lower  edge  of  the  ashlar  floor  of  the 
Sluices.  In  addtion  to  these  the  wells  in  the  Weir  Proper  for  a  length  of 
500  feet  measured  from  the  Weir  Sluices  (see  Plate  VI.)  are  sank  into 
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the  clay,  instead  of  to  20  feet  below  sammer  level  only.  The  object  of 
this  is  to  secure  the  Weir  against  the  sconr  of  water  issning  from  the 
Slnices  and  possibly  rnshing  towards  the  left  to  find  its  way  into  some 
deep  channel  of  the  river  below  the  Weir. 

The  blocks  on  the  np-stream  side  of  the  Weir  Sluices  are  snnk  to  18 
feet  below  L.  W.  M.  (or  R.  L.  557).  Those  in  front  of  the  Canal  Head 
and  nnder  the  River  Wall  to  15  feet  (R.  L.  560).  Blocks  within  the 
works  to  less  depths,  generally  to  R.  L.  565  or  10  feet  below  L.  W.  M. 
As  the  river  is  liable  to  considerable  flactnations  even  in  the  cold  weather 
the  above  figures  do  not  by  any  means  represent  the  whole  of  the  work 
to  be  done.  Many  kerbs  were  laid  macb  above  the  nominal  Low  Water 
level. 
The  nambers  of  wells  and  blocks  in  the  works  are  as  follows : — 

LeftWing, 27wella. 

Weir,  422  welU  and  284  blocks. 

Weir  Sluices,  86      „      „    232      „ 

Canal  Head,  2      ,,      ,,      68     „ 

RiverWall,  47      « 

lock,  3      „      „      66      „ 

Totals,    ..587      „      „    595     „ 
The  total  sinking  to  be  done  was  14,220  feet  in  wells  and  12,947  feet 

in  blocks.     Of  this  the  most  difficult  part  was  the  sinking  of  those  wells 

which  went  to  clay.     There  were  169  of  these. 

Appendix  A  gives  the  quantities  of  the  works. 

The  principal  items  are^ 

Brickwork,  2,056,000  cable  feet 

Concrete, 1,287,000  „ 

Ashlar,        802,200  „ 

Block  kankar,        2,508,000         ^ 

besides  about  1,000,000  cubic  feet  for  temporary  protective  works. 

This  amount  of  brickwork  would  require  about  30  millions  of  bricks 
and  800,000  cubic  feet  of  lime.  In  addition  there  were  other  works  in 
the  vicinity  to  be  provided  for.  The  concrete  would  require  about 
1,100,000  cubic  feet  of  ballast  and  550,000  cubic  feet  of  lime.  There 
were  therefore  altogether  about  1,850,000  cubic  feet  of  lime  to  be  pro- 
yided  for  the  Weir  works. 

The  design  of  the  Weir  Proper  was  naturally  the  subject  of  the  most 
anxious  and  careful  consideration.  The  other  works  do  not  present  any 
very  special  or  unusual  conditions,  but  the  Weir  was  the  first  of  its  kind 
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tlial  had  been  projected  on  any  of  the  rivers  of  the  Ganges  class.  The 
constnction  of  the  Okhla  Weir,  on  the  Jamna  jast  below  Delhi,  conld  not 
be  copied  because  the  conditions  are  esscDtiallj  different  At  Okhla  the 
right  flank  of  the  works  rests  on  rock,  and  stone  conld  be  quarried  to  anj 
extent  required  within  a  mile  of  the  works,  and  at  a  verj  cheap  rate. 
When  placed  in  position  in  the  work  the  cost  per  hundred  cubic  feet  did 
not  amount  to  Rs.  8. 

At  Narora  no  such  facilities  existed.  No  material  whatever  was  to 
be  found  near  the  works  and  block  kankar,  the  only  substitute  for  stone 
which  was  obtainable,  had  to  be  brought  from  a  distance  and  could  not 
be  placed  in  the  work  at  less  than  Rs.  15  per  hundred.  Thus,  besides 
that  it  is  an  inferior  material,  the  cost  of  the  block  kankar  and  the  diffi- 
oulty  of  collecting  and  storing  it  in  snflScient  quantity  caused  any  idea 
of  imitating  the  construction  of  the  Okhla  weir  to  be  rejected. 

Were  it  possible  to  obtain  wrought-iron  in  India  at  a  moderate  cost 
there  is  no  doubt  that  Wrought-Iron  cylinders  or  caissons  would  have 
been  proposed,  on  account  of  the  ease  and  regularity  with  which  they  are 
sunk  and  their  other  advantages.  But  the  cost  of  wrought-iron  was 
prohibitory  and  hence  the  designers  had  to  fall  back  on  the  time  honour- 
ed Indian  method  of  sinking  brick  wells. 

The  Madras  Weirs  do  not  -serve  as  patterns  for  construction  in  North- 
em  India  because  the  nature  of  the  bed  and  general  conditions  are  quite 
different.  The  same  remark  applies  to  the  Weir  for  the  Sone  canals  at 
Dehri  which  was  constructed  just  before  that  at  Narora.  The  sand  of 
the  river  bed  at  Dehri  is  coarse  gravel  compared  with  that  found  in  the 
Ganges  bed  at  Narora. 

The  level  of  the  Weir  crest  was  fixed  by  the  requirements  of  the  canal 
supply  (at  R.  L.  582),*  leaving  the  length  of  the  Weir,  as  well  as  its 
design  in  section  a  matter  for  discussion.  Working  from  a  maximum 
discharge  of  200,000  cubic  feet  per  second,  the  Weir  was  designed  by 
Major  Jeffreys  with  a  length  of  4,000  feet  in  the  clear  between  the  Left 
Wing  wall  and  the  Left  Abutment  wall  of  the  Weir  Sluices. 

The  water  is  to  be  raised  7  feet  in  cold  weather  above  its  former  level 
and  it  was  calculated  that  the  obstruction  caused  by  the  Weir  would  lead 
to  an  afflux  of  two  feet  in  highest  floods,  increasing  the  H.  W.  level  from 
588  to  590,  and  giving  a  velocity  over  the  Weir  of  somewhat  over  10  feet. 

*  Afterwards  altered  to  587  75  by  order  of  Oovanmeni. 
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A  proposal  to  reduce  the  length  of  the  Weir  to  3,000  feet  was  madei 
but  was  ultimately  withdrawn,  by  the  GoTemment  of  India.  In  the 
course  of  the  discussion  Lieut.^Col.  Brownlow  showed,  from  observations 
made  on  the  Jamna  at  the  Okhla  Weir  during  the  floods  of  1871,  that 
in  the  neighbouring  basin  of  the  Ganges,  a  similar  rainfall  might  give 
230,000  cubic  feet  per  second  of  discharge  at  Narora.  Though  the 
floods  of  1871  were  heavy  there  is  no  reason  to  believe  tbat  they  were 
the  highest  that  have  occurred,  and  therefore  it  is  not-  unreasonable  to 
expect  that  300,000  cubic  feet  per  second,  which  was  the  maximum  dis- 
charge as  estimated  by  General  Law  ford's  Committee,  may  at  some  time 
have  to  be  passed. 

The  formula  used  for  calculating  the  discharge  over  the  Weir  was  that 
for  submerged  weirs  viz. : 


Q  =  3-5 //i,  \^hi  +  0035 u'  +  5/A,  V/»,  +  002 m» 

where  I  =  length  of  weir,  ti  =s  velocity  of  approach  (taken  at  6  feet  per 
second),  and  A,  and  h^,  as  shown  in  the  diagram. 


a. 


WaiM'\^    arfocL 


iii;iii]|ii;nwii iiiiii^wwwww^;ji)    iM^iji 

' ".  .'..'  '.''       '  ''■ .'  ;  ''  i'''l'' 

With  regard  to  the  section  of  the  weir,  the  form,  with  a  vertical  drop 
and  an  ashlar  floor  to  withstand  the  action  of  the  falling  water,  was  dic- 
tated by  the  circumstances  of  the  case,  which  required  economy  of 
material.    The  foundations  were  however  a  matter  open  for  discussion. 

A  systems  of  iron  screw  piles  with  grooves  in  them  placed  at  short 
intervals  in  a  double  row  to  receive  a  sheeting  of  wrought-iron  waa 
proposed  by  Lieut.-Gol.  Brownlow  in  December  1869.  Major  Jeffreys 
in  the  designs  worked  out  in  1870,  abandoned  this  in  favour  of  square  blocks 
sunk  at  intervals  to  support  lengths  of  double  sheet  piling.  Between  the 
sheeting  the  sand  was  to  have  been  cleared  out  and  the  space  filled  with 
solid  concrete. 

Both  plans  are  open  to  the  objection  that  a  great  amount  of  pumping 
power  would  be  required  to  lay  the  interior  dry,  and  keep  it  so  while 
concreting  was  done.     The  second  plan  would  have  probably  been  found 
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impracticable,  on  account  of  the  irregular  sinking  of  the  blocks.  It  is 
impossible  to  sink  brickwork  wells,  and  still  more  blocks,  so  as  to  ensure 
their  being  perfectly  plumb,  and  therefore  openings  would  constantly 
occur  where  the  piling  adjoined  the  brickwork.  And  these  openings  it 
would  be  difficult  or  even  impossible  to  close. 

In  the  design  made  in  1872  wells  were  substituted  for  blocks  in  the 
deeper  line  of  foundations,  and  it  was  decided  to  close  the  interyals 
between  the  wells  by  means  of  solid  piles. 

The  depth  to  which  the  o^ells  should  be  sunk  was  much  discussed. 
The  first  design  showed  them  16  feet  below  L.  W.  M.,  or  at  R.  L.  559. 
That  of  1872  carried  them  to  20  feet,  or  R.  L.  555.  Lieut.-Col.  Brown- 
low  however  advocated  carrying  them  to  the  clay,  which  lies  at  about 
544,  or  30  feet  below  L.  W.  M.  in  order  to  a£ford  thorough  protection 
against  the  scour  of  floods.  A  proposal  was  made  on  the  review  of  the 
plans  in.  the  Government  of  India  Secretariat  to  reduce  Major  Jeffrey's 
20  feet  to  10  only,  on  the  ground  that  a  deep  snbstructure  is  not  required 
to  prevent  leakage  under  the  work.  It  was  uiged  that  the  river  bed 
would  silt  up  to  the  level  of  the  weir  crest,  and  that  the  deposit  of  clayey 
layers  of  silt  would  puddle  the  work.  To  this  it  was  replied  that  such 
deposits  of  silt  occur  in  falling  floods,  and  that  they  are  swept  out  again 
by  the  full  current  of  each  high  flood.  This  view,  it  may  be  remarked, 
has  been  since  strongly  confirmed  by  the  fall  of  a  jetty  which  projected 
up-stream  from  the  Okhla  weir.  The  supports  of  this  jetty  rested  on  the 
sand  about  5  feet  below  the  level  of  the  weir  crest  and  were  protected 
by  stone  pitching.  Notwithstanding  this  they  were  washed  out  in  the 
floods  of  1876  and  the  jetty  ruined. 

Ultimately  the  proposal  to  diminish  the  depths  of  foundation  waa 
withdrawn  and  permission  given  to  sink  into  the  clay  the  wells  extending 
over  a  length  of  500  feet  from  the  Weir  Sluices.  Those  on  the  other 
part  of  the  work  were  to  go  to  R.  L.  555  only,  or  20  feet  below  L. 
W.  M. 

The  level  at  which  the  ashlar  floor  should  be  laid  was  a  good  deal  dis- 
cussed, and  a  proposal  made  to  fix  it  at  R.  L.  575,  or  the  level  of 
L.  W.  M.,  in  order  to  save  pumping.  This  however  was  ultimately 
withdrawn  and  R.  L.  572  improved  of.  It  is  placed  below  the  old  cold 
water  surface  level  on  account  of  the  retrogression  of  levels  which-  may 
be  expected  when  the  Weir  is  finished. 
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IIL — The  rncUeruds  available^  and  the  style  in  which  the  works  were 
ti)  be  carried  out. 

The  actual  neighbourhood  of  the  works  afforded  no  material  besides 
brick  earth.  Fortunately  this  was  found,  in  very  fair  quality  and  ample 
quantity,  about  two  miles  from  the  Weir.  A  contract  had  been  made  in 
1873  with  an  excellent  firm  of  European  Contractors  who  were  already 
in  fnll  operation  in  March  1873,  and  there  was  no  ground  to  apprehend 
any  failing  of  the  supply  of  bricks,  although  wood  fuel  for  the  flame 
kilns  had  to  be  brought  from  long  distances.  Goal  was  tried  in  1873, 
but  with  indifferent  results.  The  Ticinity  of  the  Oudh  and  Rohilkhand 
Railway  and  the  branch  line  to  Narora  (which  will  be  noticed  presently) 
rendered  the  supply  of  fuel  from  a  distance  perfectly  feasible  and  a  ques- 
tion of  cost  only.  From  beginning  to  end  of  the  works  the  supply  of 
bricks  has  kept  pace  with  the  demand.  In  addition  to  the  brickfield  at 
Karora  (the  position  of  which  is  shown  on  Plate  XL)  a  smaller  one  was 
established  at  Ganaur,  on  the  left  bank  of  the  Ganges  and  about  4  miles 
from  the  Left  Wing.  This  was  useful  in  the  earlier  stage  of  the  work  be- 
fore the  tramroad  could  be  carried  across  the  riyer  from  the  right  bank. 

Lime, — ^The  supply  of  Lime  seemed  at  first  to  present  some  difficulty  as  it 
would  have  been  yery  tedious  and  costly  to  collect  so  large  a  quantity  from 
a  number  of  scattered  quarries  by  means  of  carts.  Fortunately  tl^e  kankar 
fields  near  a  Tillage  called  Bilon  which  lies  close  to  the  railway  promised 
on  a  careful  survey  to  yield  a  yery  large  quantity  and  in  the  end  all  other 
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sonrees  of  supply  were  abandoned,  owing  to  the  conyenience  which  the 
railway  offered  for  prompt  and  orderly  deliyery.  The  material  was  deli-  ' 
yered,  by  the  contractor  for  digging  and  cleaning  it,  in  stacks  along  the 
Kne  and  was  brought  in  by  train  loads  as  required.  Kankar  being  (as  is  well 
known)  of  yery  various  character  in  yarious  places  it  was  a  great  advan* 
tage  to  draw  the  supply  from  one  place.  The  distance  by  railway  is  14 
miles  from  the  stacking  gromids  on  the  line  to  those  at  Narora.  Each 
train  of  30  wagons  carried  5,000  feet,  and  made  two  and  sometimes 
three  trips  in  a  day. 

Like  the  lime  kankar,  the  supply  of  block  kankar  was  at  first  a  source 
of  some  anxiety.  No  other  altematiye  material  for  pitching  was  obtain- 
able. Stone  for  instance  cannot  be  thonght  of,  the  nearest  source  of 
snpply  being  beyond  Delhi,  or  beyond  Agra. 

Numerous  quarries  were  examined  and  small  supplier  obtained,  some 
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of  them  20  miles  distant  by  road.  Finally  it  was  ascertained  that  the 
quarries  North-east  of  Aligarh  lying  near  the  Oudh  and  Rohilkband 
Railway  would  supply  all  the  needs  of  the  work,  and  stacking  grounds 
were  established  along  the  line  between  Aligarh  and  Hardwaganj  from 
which  the  supply  was  worked  in  by  train  loads  in  the  same  way  as  the 
lime  kankar.  The  distance  by  rail  was  about  32  miles  and  the  material 
had  to  be  carted  from  3  to  6  miles  to  the  line. 

The  large  mass  of  ballast  required  for  concrete  was  another  want 
which  required  early  attention.  The  usual  sources  of  supply,  such  as 
refuse  of  brick  kilns  <&c.,  were  speedily  exhausted  when  so  large  a 
quantity  was  required.  Nodular  kankar  makes  only  indifferent  concrete 
and  the  supply  of  that  was  not  abundant.  Of  course  all  the  vitrified  or 
misshapen  bricks  were  broken  up  but  the  great  mass  of  the  supply  con- 
sisted of  small  cubes  of  clay  specially  made  and  burnt  in  clamps  with 
upla.  There  was  a  good  deal  of  trouble  at  first  in  getting  this  properly 
burnt  but  ultimately  very  good  material  was  obtained.  The  clay  was 
spread  on  a  floor  to  a  thickness  of  about  an  inch  and  cut  up  with  knives 
to  the  size  required. 

For  ashlar  several  sources  of  supply  were  available.  The  quarries 
near  Mirzapnr,  on  the  East  Indian  Railway  are  well  known  and  have 
been  long  in  work. 

They  supply  a  hard  close  grained  sandstone  of  a  pinkish-gray  colour 
which  resists  well  the  action  of  water  but  is  rather  brittle.  This  has  to  be 
brought  over  400  miles  by  railway  to  reach  Narora  and  is  therefore  rather 
costly.  Its  price  was  Rs.  I-IO  per  cubic  foot  delivered  at  Narora  in  blocks 
of  5  feet  by  2^  and  12  inches  thick  dressed  ready  to  set  in  a  floor. 

The  quarries  in  the  Bhartpur  State  near  Agra  offered  the  well  known 
red  and  yellowish-white  varieties  of  sandstone  at  Rs.  1-4  and  Rs.  1-9 
per  cubic  foot  respectively.  Delhi  quartzite  could  have  been  had,  bat 
was  rejected  owing  to  the  great  difficulty  of  getting  it  properly  dressed. 

The  greater  part  of  the  floors  were  laid  of  Mirzapur  and  yellow  Agra 
stone.    A  small  quantity  of  red  Agra  was  used. 

A  very  fine  stone  has  been  used  for  the  cutwaters,  quoins  and  coping 
of  the  works.  It  is  a  metamorphic  sandstone  from  quarries  in  the 
Alwar  State  near  Malakhera  Station  on  the  Rajputana  State  Railway. 
It  is  of  a  very  handsome  gray  colour  and  is  very  hard,  bat  not  too  difficult 
to  dress.     Unfortunately  the  quarries  have  never  been  systematically 
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worked  and  therefore  it  is  not  possible  to  make  sure  of  a  very  large  sup- 
ply of  this  stone  being  promptly  delivered. 

This  stone  is  similar  to  some  found  near  Gwalior  which  has  been  largely 
worked  and  there  is  no  doabt  that  when  the  Gwalior  Railway  is  opened 
it  will  be  possible  to  obtain  most  excellent  stone  for  hydraulic  works  from 
Gwalior  at  a  moderate  cost.  The  stone  from  Malakhera  cost  Rs.  1-8 
per  cubic  foot  ready  dressed  and  delivered  as  above.  As  the  quarries  are 
none  of  them  in  the  habit  of  turning  out  very  large  quantities  of  stone 
it  was  necessary  to  begin  getting  in  the  supply  very  early. 

It  was  intended  to  execute  the  work  with  the  exception  of  the  upper 
part  of  the  Weir  Wall,  and  the  upper  storey  of  the  Sluices  in  three  work- 
ing seasons,  viz.,  1873-74,  1874-75,  1875-76.  To  accomplish  this  it 
was  necessary  to  make  use  of  means  not  usually  employed  in  India.  The 
supply  of  materials  of  all  sorts  was  to  be  effected  by  tramways,  steam 
machinery  of  all  kinds  was  to  be  used  in  the  shops,  steam  mills  for 
grinding  lime  on  the  works  and  a  liberal  provision  of  steam  pumps 
hoists  &c.  was  made  for  the  works. 

It  was  very  fortunate  that  the  Canal  Works  lay  within  a  short  distance  of 
the  Ondh  and  Roilkhand  Railway.  This  Line  was  only  opened  a  short  time 
before  the  canal  works  were  began.  But  for  its  aid  th^  Narora  works  would 
been  required  a  much  longer  time  to  complete,  the  collection  of  materials 
on  the  spot  most  have  been  much  more  extensive,  and  the  works  would 
have  proved  much  more  costly.  As  it  was,  the  construction  of  a  short 
branch  line  of  four  miles  from  the  Rajghat  Station  of  the  Oudh  and  Rohil- 
khand  Railway  to  Narora  not  only  rendered  this  very  large  collection  of 
materials  unnecessary  but  also  rendered  it  possible  to  utilize  the  rolling 
stock  of  the  company  to  a  large  extent  in  the  actual  execution  of  the  work. 

Plate  XI.  shows  the  method  of  laying  out  the  station  with  the  tram- 
ways, stacking  field,  mortar  factory  &c.  &c.  The  object  kept  in  view 
was  to  arrange  everything  so  that  all  preparation  of  material  might  be 
completed  at  a  distance  from  the  works  and  that  everything  when 
brought  down  should  be  used  up  day  by  day.  The  first  idea  had  been 
to  use  the  metre  gauge  on  the  works  and  in  the  station,  but  this  was 
abandoned  in  April  1873  in  favour  of  a  uniform  broad  gauge  which  al- 
lowed the  Oudh  and  Rohilkhand  Railway  stock  to  work  upon  any  part  of 
the  Canal  lines.  The  four  mile  length  from  Rajghat  to  Narora  station, 
though  constructed  by  the  Canal  Engineers,  was  nude  over  to  the  Com- 
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psny  and  worked  as  a  Branch  Line,  tlie  Company  having  its  own  officials 
at  Narora  Station.  Tlie  rest  of  the  lines  were  worked  by  the  Canal  En* 
gineers,  the  Canal  Station  being  close  to  the  Weir  SluiQcs,  (see  Plate  XI.) 
and  connected  by  telegraph  with  Narora  Station.  A  branch  was  carried 
into  the  Workshops.  These  are  off  the  main  line,  their  position  having 
been  fixed  when  a  metre  gnage  line  was  contemplated,  but  no  practical 
inconvenience  has  resulted  from  this  and  their  position  relatively  to  the 
Weir  works  is  very  convenient.  These  Shops  being  a  separate  charge  the 
want  of  some  small  shops  under  the  immediate  control  of  the  Engineers 
in  charge  of  the  Works  was  soon  felt  and  such  shops  were  constmcted 
close  to  the  Weir  Sluices  as  shown  in  Plate  XI. 

The  usual  railway  rules  were  enforced  on  the  canal  lines  and  only  two 
accidents  have  occurred  in  workingior  three- and-a-half  years.  The  wagons 
used,  104  in  number,  were  purchased  from  the  Bombay  Reclamation  Works 
and  are  of  teak.  They  measure  inside  8  feet  by  7  feet  by  1  foot  5  inches  * 
and  therefore  hold  96  cubic  feet.  Three  locomotives  (tank  engines)  were 
purchased  from  the  Gudh  and  Rohilkhand  Railway  Company. 

The  permanent  way  consists  of  86  ft>.  rails  purchased  from  the  Oudh 
and  Rohilkhand  Railway  Company.  It  is  called  Wilson's  from  the  Engi- 
neer of  the  company ^who  designed  the  peculiar  sleepers,  which  consist  of 
two  plates  of  corragated  iron  connected  by  a  tie-rod.  On  the  incline  into 
the  khadir  and  on  the  works  wooden  sleepers  were  used.  The  Wilson 
sleepers  are  laid  on  a  bed  of  kankar  consolidated  by  ramming. 

A  considerable  reserve  of  block  kankar  has  been  kept  up  at  Narora 
but,  as  a  rule,  the  material  has  been  worked  in  from  the  various  points  of 
delivery  on  the  railway  direct  to  the  works.  The  supply  at  Narora  is 
kept  in  long  narrow  stacks  parallel  to  the  lines.  This  arrangement  facil- 
litates  the  stock  keeping.  Each  stack  contains  12,000  cubic  feet  and  can 
be  worked  off  in  about  four  train-loads.  The  bricks  are  kept  in  the 
same  way  in  stacks  of  125,000  each ;  equal  to  three  train-loads. 

Ashlar  yarde, — Though  the  stone  was  contracted  for  dressed  ready  to 
set  in  l^e  work  there  is  always  a  little  work  to  be  done  to  make  a  per- 
fect fit.  The  floors  were  all  laid  out  and  fitted  up  on  the  stacking  ground 
precisely  as  they  were  to  lie  in  the  actual  work.  Each  line  of  stones 
was  numbered  and  the  stones  had  each  its  own  number  also.  These 
nambers  were^painted  on  the  stone  and  diagrams  showing  the  position  of 

*  Some  were  amsller  7  feet  by  7  feet  2  inchee  by  1  foot  4  inohee  bolding  S7  onbic  feet  only. 
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each  stone  in  the  floors  prepared.  The  0£Bcer  in  charge  of  the  works 
indented  daily,  by  nnmber,  for  the  blocks  he  required.  The  stones 
were  picked  ont  by  gangs  of  porters  (bandkdnia)  and  carried  to  the  cranes 
which  loaded  them  into  wagons.  This  was  always  done  at  night  for 
the  next  day.     Each  stone  has  a  lewis-hole  for  lifting  it.* 

Mortar  Factory  <^c. — Plate  XI.  showci  the  position  of  the  mortar 
factories,  lime  kilns,  and  depot  for  lime  kankar.  The  mortar  used  was 
composed  of  two  parts  of  ground  lime  and  one  of  red  sand,  measured  dry. 
The  sand  used  is  a  fine  red  granular  sand  found  on  the  site  of  the  works. 
It  was  carefully  washed  in  sitaall  wooden  vats.  Careful  experiments  on 
the  available  limes  were  made  (begun  by  Mr.  M.  King,  Personal  Assistant 
to  the  Superintending  Engineer)  before  the  proportions  were  decided  on, 
and  they  have  been  continued  up 'to  the  present  time:  Samples  being 
frequently  taken  from  the  mortar  mills,  made  into  dumb-bell  shaped  bri- 
quettes and  tested  by  Adie's  machine  for  tensile  and  transverse  strength. 
In  order  to  obtain  the  transverse  strength  a  little  addition  was  made  to 
Adie's  machine.  A  stirrup  was  attached  in  the  place  of  the  upper  clip 
having  a  knife  ed^ge  on  its  lower  part.  The  prism  to  be  broken  was  held 
down  by  two  clips  to  the  bed  of  the  machine.  These  clips  were  arrang- 
ed so  as  to  give  a  clear  bearing  of  4  inches  and  the  knife  edge  being 
adjusted  at  the  centre  of  the  prism  the  strain  was  put  on  in  the  usual 
way  and  the  prism  broken  upwards. 

Plate  XII.  shows  the  sort  of  kiln  used,  which  is  identical  with 
those  used  by  Mr.  R.  J.  Mallet  at  the  Ravi  bridge  of  the  Punjab 
Northern  State  Railway.  Mr.  Mallet  however  used  charcoal  and  ob- 
tained an  out-turn  of  40  cubic  feet  per  diem  from  each  chamber  only. 
At  Narora  the  fuel  used  is  a  mixture  of  coal  and  coke,  and  100  cubic 
feet  per  diem  have  been  obtained  regularly.  Both  coal  and  coke  are 
pounded  fine,  and  are  mixed  in  the  proportion  of  two  parts  of  coke  to' 
one  of  coal  by  bulk.  It  is  found  that  about  9  cabic  feet  of  fuel  are  re- 
quired to  100  cubic  feet  of  kankar  measured'  when  put  into  the  kiln. 
The  kankar  is  broken  to  the  size  of  a  w^nut  and  thrown  in  by  baskets. 
The  fuel  is  kept  in  a  tub  on  the  top  of  the  kiln  and  scattered  over  the 
kankar  with  a  small  tin  scoop.      By  practice  the  workmen  soon  learn  to 

*  The  Agra  and  Mlnapur  atones  are  found  to  require  a  Tery  deep  and  alifhtiy  tapered  lewla ;  thoee 
finally  used  are  6  Inchm  deep  and  8  inches  wide  at  neck  and  S|  inches  at  base.  They  are  14  inches 
thick. 
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judge  the  proper  qaantity.  Oat  of  1,530,000  cubic  feet  of  kankar  bnmt 
at  Narora  to  the  end  of  March  1877  only  a  few  thousand  cubic  feet  of 
refuse  has  been  lost.  Six  kilns  were  constructed  on  the  right  bank  and 
three  at  the  left  wing  ;  capable  of  giving  altogether  an  out-turn  of  about 
3600  cubic  feet  per  diem.  This  was  rather  in  excess  of  requirements,  as 
the  steam  mills,  when  all  were  completed  in  cold  weather  of  1874,  could 
grind  only  2600  cubic  feet  per  diem.  The  reason  was  th&  great  increase 
of  out-turn  obtained  with  the  more  powerful  fuel  orer  and  abore  what  wa^ 
first  expected.     The  lime  is  slaked  and  ground  in  steam  mills. 

The  mills  in  use  on  the  right  bank  are  four  nine- foot  pans  with  direct 
acting  engines  of  8  horse-power,  two  seven-foot  pans  mounted  together 
and  driven  by  an  8  horse-power  portable  engine,  and  one  eight-foot  pan 
driven  by  a  10  horse-power  portable.  ' 

Three  six-foot  pans  mounted  together  and  driven  by  a  10  horse-power 
portable  engine  are  used  on  the  left  bank  of  the  river.  There  was  no 
perceptible  difference  in  the  lime  ground  by  the  different  mills,  though  it 
might  haye  been  expected  that  the  hearier  the  roller  the  finer  the  powder. 
.The  most  economical  of  the  mills  are  the  six-foot  trio.*  The  pair  of  seTen- 
foot  comes  next,  and  the  large  pans  with  direct  action  are  the  least  econo- 
mical of  all.  As  far  as  possible  mortar  has  been  made  from  fresh  lime 
but  this  has  not  been  always  feasible.  For  concrete  all  the  lime  had  to 
be  ground  and  stored  in  bags.  So  long  as  it  is  kept  dry  the  kankar  lime 
does  not  deteriorate  from  being  kept  a  moderate  time. 

The  daily  out-turn  of  mortar  w^th  all  the  mills  in  full  work  is  600 
cubic  feet  on  the  left  and  2000  cubic  feet  on  the  right  bank  ;  but  it  would 
not  have  been  safe  to  expect  this  always,  as  stoppages  were  not  unfrequent 
owing  to  the  liability  of  this  class  of  machinery  to  get  out  of  repair. 

The  Narora  Workshapa. — ^The  position  of  the  Workshops  {see  Plait 

.XL)  has  already  been  referred  to  when  describing  the  arrangement  of 

the  station.    Their  lying  off  the  main  line  of  tramway  proted  in  working 

a  convenient  arrangement  as  the  traffic  for  the  shops  was  thereby  kepi 

distinct  from  the  rest. 

Plates  XIII.  and  XIV.  show  the  arrangements  of  the  shops,  the  latter 
showing  in  detail  the  position  of  the  various  machines.    The  buildinga 

*  Goomaiption  of  fn«l  to  100  cabic  feet  of  mortar  torned  oat :~ 
With  the  three  6-foot  puis  4  mannds  or  S39  Ibe. 
two     7  .,         ft         M        ».  4I1|„ 

,,       tingle  9         ,.        \'i        .,        ,.  987    ,. 
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consist  of  two  long  shops  of  which  the  Eastern  is  the  Smithy  and  Pattern- 
shops.  It  contains  26  fires  blown  by  an  American  blower.  When  work 
was  at  its  height  there  were  also  25  temporary  fires  outside  on  the  East. 
The  North  end  of  this  building  is  the  pattern  room.  The  West  shop  con- 
tains at  the  South  end  the  Foreman's  office,  then  the  fitting  and  iron 
construction  shop,  next  the  wood  machinery  and  in  an  annex  at  the  North 
end  a  vertical  saw-mill.  The  nature  and  number  of  the  different  machines 
will  be  seen  on  inspecting  the  plan.  A  small  steam-hammer  would 
haye  added  greatly  to  the  resources  of  the  shop.  One  was  put  up  in 
1^77. 

On  the  West  side  of  the  West  shop  is  a  large  plaster  platform  for  <'  con- 
structing "  work.  Further  West,  laid  out  parallel  to  the  buildings,  are  four 
temporary  sheds  200  feet  long  by  20  wide  for  carpenters  and  joiners. 
The  timber  and  other  stores  were  disposed  in  different  parts  of  the  en- 
closure,  tools  and  other  valuable  articles  being  stored  in  a  store-house 
on  the  East  side  of  the  shops  and  the  sawn  timber  in  sheds  along  part 
of  the  enclosure  wall. 

At  the  South-east  angle  a  part  of  the  yard  was  partioned  off  as  a  store 
yard  for  the  Weir  Division.  All  materials  for  that  Division  were  deliv- 
ered there  and  stored  until  actually  required  on  the  works.  The  Execu- 
tive Engineer  of  the  Workshops  was  also  charged  with  the  care  of  all 
the  engines  and  machines  employed  on  the  works.  The  locomotives  ran- 
ning  on  the  canal  tramways  were  kept  in  the  yard  and  came  in  to  shed 
every  evenings  .  During  the  day  they  generally  took  in  fuel  and  water 
in  the  khadir,  where  a  tank  was  pat  up  for  the  purpose. 

These  Workshops  had  to  supply  not  only  the  needs  of  the  Weir  works 
but  also  of  the  Ramghat  catting,  a  large  work  belonging  to  the  Weir 
Division  in  which  three  locomotives  and  a  large  number  of  wagons  were 
running ;  also  those  of  the  lower  Divisions  of  the  canal.  All  this  natur- 
ally entailed  a  great  amount  of  work  and  kept  the  establishment  and  a 
large  number  of  workmen  fully  employed.  All  the  wagons  for  Ramghat 
were  made  in  the  shops.  Those  belonging  to  the  Narora  tramways 
though  purchased  in  Bombay  have  required  very  extensive  repairs  and 
even  reconstruction  during  the  S^  years  they  have  been  in  constant  use. 
The  iron  gates  for  the  Sluices  and  Canal  Head  (42  of  the  former  7^  feet 
wide  by  13  feet  deep,  and  30  of  the  latter  only  a  trifle  smaller)  were  a 
heavy  job.    Driven  as  the  engines  were  against  time  for  months  together, 
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the  renewal  of  the  working  parts  of  locomotive  and  portable  engines  and 
of  steam  pnmps  and  mortar  mills  gave  constant  work. 

Timbering  and  fittings  for  a  large  number  of  canal  bangalowa  was 
another  heavy  job ;  but  it  woold  be  almost  impossible  to  ennmermte  the 
various  requirements  which  were  efficiently  met  by  the  Workshops  and 
it  must  suffice  to  say  that  without  their  aid  and  the  hearty  oo-opera- 
tion  of  those  in  charge  of  them  it  wopld  have  been  impossible  to 
carry  on  the  works.  The  cost  of  the  buildings  ai^d  plant  was  Bs. 
1,86,000. 

In  describing  the  actual  execution  of  the  works  the  natural  division 
of  the  working  seasons  will  be  followed.  In  the  official  reports  made 
annually  to  Ooyemment  the  financial  year  has  to  be  observed,  and  Ihe 
progress  reported  annually  is  from  1st  April  to  the  81st  March  following. 

This  does  not  agree  at  all,  in  the  case  of  works  such  as  those  we  are 
describing,  with  the  actual  working  seasons.  The  season  for  work  in  the 
river  bed  of  the  Ganges  or  Jamna  extends  from  the  falling  of  the  great 
Hoods  at  the  end  of  the  Bainy  Season  to  the  first  rising  of  the  river  caused 
by  snow  melting  in  the  Himalayas.  This  rising  depends  on  the  setting 
in  of  very  hot  weather  and  varies  somewhat  according  to  the  season,  bat 
it  is  not  safe  to  calculate  on  being  able  to  work  after  the  15th  of  May. 
The  floods  due  to  rainfall  in  the  hills  do  not  come  before  July  and  the 
highest  not  unfrequently  occur  early  in  September. 

From  about  the  1 5th  September  the  river  begins  to  fall  rapidly.  By  about 
the  end  of  the  first  week  in  October  some  work  in  the  river  bed  can  generally 
be  begun.  The  working  season  is  thus  about  7  months  in  length,  but  a  de- 
duction for  clearing  sites  from  mud,  silt  &o.  before  work  can  be  begun,  and 
for  dismantling  at  the  end,  reduces  it  for  the  purposes  of  actual  progress  to 
about  six  months.  The  works  are  sometimes  liable  to  interruption  by  winter 
floods.  One  of  these  occurred  in  February  1875,  the  river  rising  suddenly 
as  much  as  three  feet;  and  a  similar  flood  came  down  in  February  1877. 

The  first  beginning  of  t^e  Weir  works  was  made  in  March  1878.  In 
order  to  ascertain  precisely  what  difficulties  would  be  met  with  in  keep- 
ing down  the  water  and  putting  in  the  concrete  and  flooring  of  the  Weir 
at  the  desired  level,  the  Government  ordered  that  a  small  section,  48  feet 
in  length  measured  along  the  crest  line,  should  be  constructed  as  an  ex- 
periment. Accordingly  the  wells  and  blocks  were  sunk  and  the  concrete 
foundation  of  the  floor  put  in.     The  experience  so  gained  was  a  valuable 
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guide,  in  estimating  the  amonnt  of  pumping  power  required  to  enenre 
the  certain  execntion  of  the  work  and  in  other  respects.  In  sinking  these 
blocks  Fonracres'  Excavator  was  nsed.* 

This  did  not  giro  good  results  here.  Mr.  Fonracres  attributed  the 
failure  to  the  closeness  of  the  Ganges  sand  as  compared  with  that  of  the 
Sone  where  the  machine  was  successful.  This  machine  was  used  a  little 
in  the  early  part  of  the  next  season,  but  was  subsequently  thrown  aside 
altogether  and  Bull's  Dredger  adopted. 

Another  point  brought  out  by  this  experiment  was  the  nicety  required 
in  piling  the  intervals  between  the  blocks.  The  white  sand  of  the  Ganges 
is  practically  liquid  when  wet  and  nothing  but  accuraUfy  fitted  sheeting 
will  keep  it  out. 

Shortly  after  this  work  was  taken  np  a  trial  well  was  sunk  near  the 
site  of  the  Weir  Sluices  to  ascertam  at  what  depth  the  clay  bed  which  was 
believed  to  underlie  the  white  sand  would  be  reached.  The  well  was  an 
8-foot  circular  one.    The  kerb  made  of  fig  {gutar)  or  other  common  wood 

,  and  of  the  cross  sec- 

^^ / ^^CWMMt  ^ioos  shown    in  the 

^^^g|  sketch.  A  hoop  of 
^inch  wrought-iron  6 


I  ^  inch  deep  was  placed 
so  as  to  form  a  cutting 
edge  and  the  whole  was  secured  by  straps  of  wrought-iron  on  the  outside. 
Steining  rods  were  carried  up  tlhoagh  the  kerb  and  the  brickwork.  This 
form  of  kerb  was  finally  adopted  for  all  the  wells,  but  those  which  did 
not  go  to  the  clay  were  made  rather  less  deep  in  section  and  were  not  shod 
with  iron.  In  sinking  this  well  the  advantages  of  the  cutting  edge  and 
bevelled  form  of  section  were  clearly  shown.  The  calculated  displacement 
of  the  well  and  the  cubic  content  of  sand  thrown  out,  which  was  carefully 
measured,  were  almost  exactly  equal. 

In  April  the  general  lining  out  of  the  Weir  works  was  done.  The 
magistral  line  of  the  whole  was  of  course  the  crest  of  the  Weir. 
This  was  marked  by  pillars  built  on  each  bank  at  a  considerable  distance 
clear  of  the  works  on  the  prolongation  of  the  line.  That  on  the  right 
bank  is  on  the  high  ground.    This  line  is  at  right  angles  to  the  general 

*  For  a  dMoriptioDof  febu  mftohine,  see  No.  36  of  tbo  Fint  SeriM  of  Umw  F»poh. 
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direction  of  the  river  from  Rajgfaat  to  Narora.  The  other  lines  were 
marked  in  a -similar  manner.  Ten  feet  bars  made  of  well  seasoned  sal 
wood  of  T-shaped  section  laid  on  low  trestles  were  used  in  measuring  the 
lines,*  three  bars  being  nsed  and  care  taken  to  keep  them  lerel.  The 
water  section  was  carefnlly  measured  trigonometrically.  The  same  bars 
were  used  in  laying  out  all  the  works.f 

There  was  no  possibility  of  beginning  work  on  a  large  scale  before  the 
floods.  No  machinery  was  ready  in  the  shops,  and  time  did  not  admit 
of  doing  much.  The  site  of  the  Left  Wing  however,  being  well  removed 
from  the  action  of  the  floods,  offered  an  opportunity  for  beginning  work 
on  a  small  scale.  It  was  most  desirable  to  do  this  so  as  to  have  a  nucleus 
for  the  large  body  of  workmen  which  the  next  season's  work  would  re  • 
quire,  as  well  as  to  train  the  establishment.  The  news  of  work  being  set 
going  would  be  sure  to  spread  through  the  country  and  cause  an  influx 
of  men  in  search  of  employment,  and  in  fact  had  that  effect. 

In  order  to  begin  this  work  materials  had  to  be  conveyed  from  the 
Right  bank.  A  floating  bridge  of  country  boats  was  therefore  thrown 
across  the  river  in  the  beginning  of  April.  The  saperstructure  was  of 
8dl  beams  18  feet  long  and  the  intervals  between  the  boats  was  10  feet; 
the  boats  being  16  feet  in  beam.  One  boat  was  sunk  owing  to  insuffi- 
cient precautions  to  keep  weight  off  the  sides.  The  country  boats  on  the 
Ganges  and  Jamna  are  very  lightly  made  and  in  order  to  use  them 
safely  for  bridging  purposes  it  is  necessary  to  distribute  the  weight  care- 
fully on  the  bottom  only.  '  This  bridge  %a8  used  by  country  carts  laden 
with  bricks  &c.  As  all  the  weight  is  carried  on  one  pair  of  wheels  they 
cause  more  undulation  than  a  four-wheeled  cart  of  equal  load  and  the 
effect  of  this  on  the  boats  has  to  be  guarded  against. 

This  bridge  was  maintained  till  31st  May  and  a  large  quantity  of  mate- 
rial was  passed  over  it. 

Work  on  the  Left  Wing  wall  was  begun  on  15th  May.  The  wells  are  12 
feet  in  diameter.  Twelve  kerbs  were  laid  and  built  on  before  the  floods,  and 
*a  commencement  of  sinking  was  made  which  continued  through  the  floods. 

Two  6-foot  mortar  pans  purchased  in  Calcutta  were  set  up  close  by,  and 

*  The  length  of  bar  wm  taken  from  a  oomparuon  of  3  or  3  levelling  staveg. 

«  Captain  Westom  made  the  Wdr  when  meaaared  by  a  cteel  tape  8  ftoet  nnder  the  SSOO.  Is  1100 
feet  there  wereSM  repetitiona  of  the  lO'foot  bar  and  if  the  10-foot  bar  were  O'OM  of  an  inch  nnder  the 
•Undard  of  the  steel  tape  it  would  aceoont  for  this  difference*  Aa  neither  are  authoritatively  deter- 
mined aome  difference  waa  to  be  ezpocted. 
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worked  by  a  8  horse-power  portable  engine.    The  tool  used  for  sinking 
was  Boirs  dredger.* 

At  the  same  time  surreys  of  the  river  from  Rajghat  to  Narora  were 
made  and  a  system  of  works  for  training  the  river  truly  on  the  Weir  was 
projected  and  the  execution  of  it  was  begun  in  May. 

The  diagram  section  given  on  Plate  V.  shows  that  the  site  for  the 
Weir  slaices  was  at  this  time  occupied  in  great  part  by  the  cold  weather 
stream  of  the  river. 

The  general  programme  of  operations  was  to  build  first  the.  Weir  Sluiced. 
It  is  obvious  that  this  was  the  easiest  way  to  get  the  weir  completed  across. 
During-  the  progress  of  work  on  the  Weir  Sluices  the  Weir  Proper  was 
to  be  advanced  as  much  as  possible  from  both  banks,  care  being  taken  to 
leave  sufficient  waterway  for  floods.  When  the  sluices  were  ready  the 
cold  weather  stream  would  be  passed  through  them,  and  the  Weir  Proper 
completed  across  the  bed  of  the  river  during  a  single  cold  season. 

The  first  thing  to  be  done  then  was  to  reclaim  the  site  for  the  Weir 
Sluices,  and  in  order  to  assist  in  this  two  floating  tree  spurs  were  designed 
to  be  thrown  out  obliquely  to  the  stream  above  the  site,  'the  first  of 
these  was  near  Narora  village  and  ^000  feet  np-stream  of  the  Weir  crest 
Line,  the  next  1700  feet  lower  down. 

These  spurs  were  laid  down  before  the  floods  in  the  hope  that  they  wonld , 
by  acting  on  the  early  freshes,  give  the  river  a  new  set  eastward.  They 
were  maintained  with  considerable  difficulty,  partly  owing  to  the  nature 
of  the  bottom  which  allowed  the  anchors  to  drag.f 

Another  important  preliminary  work  was  the  tramway  to  connect  the 
Canal  works  with  the  Oudh  and  Rohilkand  Company's  line  at  Rajghat^ 
Two  proposals  had  been  made  with  regard  to  this.  One  was  to  make  it 
entirely  on  the  metre-gaage,  receiving  and  stacking  all  material  on  a 
stacking  field  at  Rajghat.  The  other  to  bring  the  broad-gauge  (4'  8"^) 
down  to  Narora  and  there  to  form  a  depot  of  materials,  retaining  the 
metre-gauge  for  the  works.  Both  of  these  were  abandoned  in  favour  of 
a  uniform  gauge  for  the  whole  of  the  Canal  lines. 

The  line  when  projected  for  the  metre  gauge  had  been  laid  out  passing 
through  the  Workshops  and  the  centre  of  the  Station  of  Narora.  The 
gradients  and  curves  on  this  alignment  were  unsuitable  for  the  broader 

*  Deicribed  in  No.  3,  Second  Scries,  of  theee  Pap«s« 

t  Ab  is  generally  known  to  tiioee  who  hare  worked  in  India,  the  anchon  are  large  rongb  fraiafe 
flUed  with  brary  material,    The  tpnr  is  formed  by  small  trees  thickly  tied  on  a  hawser. 
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gauge  and  the  line  was  inconvenient  in  other  respects.  It  was  therefore 
abandoned  and  that  shown  on  Plate  XI.  finally  adopted,  the  descent 
into  the  khadir  being  y^  on  a  carve  of  1500  feet  radins.  The  con- 
straotion  of  the  line  was  begun  in  June  and  carried  on  during  the  Rains, 
a  time  of  year  very  suitable  for  consolidating  the  kankar  laid  under  the 
corrugated  iron  sleepers. 

During  and  immediately  after  the  Rains  the  lime  kilns,  six  in  number, 
on  the  Narora  side  {Plate  XI.)  were  built  and  the  lime-kankar  stacking 
field,  tramways,  and  sites  for  mortar-mills  laid  out.  The  mortar  mills 
expected  from  England  had  not  yet  come.  A  small  building  was  ran  up 
to  serve  as  a  testing  room  for  limes  and  n^ortars,  and  it  was  established 
as  a  rule  that  all  the  mortar  used  should  be  constantly  tested  by  taking 
samples  from  that  made  for  actual  use. 

Season  of  1873-74. — On  the  subsidence  of  the  floods  it  was  found  that 
the  tree  spurs  had  been  only  partially  successful  in  diverting  the  river  off 
the  site  of  the  Weir  Sluices. 

In  his  anxiety  to  make  them  effective  the  Engineer  in  charge  had 
prolonged  them  somewhat  more  than  was  quite  judicious  and  they  had 
burst  in  consequence.  A  succession  of  small  spurs  placed  in  echelon 
below  them  was  resorted  to  and  these  by  theiic  gradual  action  had  the 
desired  effect,  but  it  was  not  until  the  13th  January  1874  that  the  site 
for  the  Weir  Slmces  could  be  enclosed  by  an  earthen  band.  Even  then 
the  water  stood  from  6  to  8  feet  deep  over  a  great  portion  of  the  site, 
and  this  had  to  be  filled  up  with  sand  before  work  could  be  begun.  The 
right  abutment  only  was  situated  on  original  dry  land  and  this  was  ex- 
cavated and  wells  begun  on  the  10th  December. 

The  Ganges  was  low  in  January  1874,  but  in  February  it  rose,  after  the 
gauge  had  registered  the  assumed  low  water  mark  of  R.  L.  575*00  for  two 
or  three  days  only.  In  February  and  March  it  varied  between  576*00  and 
578*00  thus  necessitating  the  laying  of  block  and  well  kerbs  from  2  to  3  feet 
aboiBe  the  level  assumed  in  the  designs,  and  adding  to  the  sinking  work. 

By  the  middle  of  January  the  cold  weather  stream  of  the  river  had  been 
pushed  500  feet  from  the  right  bank  eastward  and  took  up  its  position 
for  the  season  with  a  tolerably  uniform  section.  It  was  then  possible  to 
throw  a  bridge  across.  A  pile-bridge  of  large  scantling  to  carry  the 
Oudh  and  Rohilkand  Railway  Company's  locomotives  had  been  included 
in  the  estimate  for  the  works,  but  it  was  not  thought  worth  while  to  go 
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to  the  expense  of  putting  it  np  in  this  season.    Instead  of  it  a  bridge  of 

light  piles  was  nsed,  with  the  same  snperstrnctare  which 

had  senred  in  the  previons  season  for  the   floating 

bridge,  and  on  this  a  metre-gange  tramway  was  laid  which  was  carried 

as  far  as  the  Left  Wing.    A  train  of  40  wagons  was  mn  on  it  by  hand- 

shunting. 

These  wagons  had  been  made  for  another  purpose  lower  down  the 
Canal  and  carried  each  440  bricks  or  88  cubic  feet  of  material.*  The 
bridge  was  opened  about  the  18th  Februaiy  and  maintained  until  the 
29th  May.  Large  quantities  of  bricks,  lime-kankar,  red  sand  and  fuel 
were  carried  otct  it  for  the  commencement  of  work  on  the  Weir  Proper. 
Each  wagon  was  loaded  and  pushed  by  four  men  and  the  train  marshalled 
and  managed  by  a  conductor.  These  small  wagons  were  not  found  so 
conyenient  for  hand-shunting  as  a  light  class  of  4  feet  8^  inch  gauge 
wagons  used  at  Okhla.  The  width  between  the  buffers  was  not  enough 
to  admit  two  men  safely  and  they  were  liable  to  cause  serious  accidents  to 
the  men. 

As  soon  as  sufficient  material  had  been  carried  across  a  beginning  was 
made  on  the  Weir  Proper.  It  was  decided  to  build  and  sink  the  foun- 
dations for  800  feet  in  length  measuring  westward  from  the  Left  Wing. 
In  fact,  a  length  of  926  feet  was  done  (including  the  40  feet  done  in 
1872-78}  and  the  blocks  and  wells  were  fully  sunk  by  the  beginning  of 
July.  There  were  81  square  blocks  and  104  circular  wells  in  this  work, 
besides  other  blocks  in  the  partition  Unes. 

During  the  season  the  well  sinking  of  the  Left  Wing  was  pushed  on, 
all  the  wells,  27  in  number,  were  built  and  by  the  end  of  the  Rains  of  1874 
were  sunk  to  clay.  It  was  impossible  to  force  them  into  the  clay  without 
means  of  loading,  which  were  not  then  available.  Pumping  was  not  re- 
sorted to  during  this  season  except  to  a  small  extent.  Some  was  done 
in  order  to  get  in  the  foundation  wells  of  the  down-stream  return  wall  of 
the  Left  Wing  and,  at  the  end  of  the  season,  to  complete  the  sinking  of 
a  few  wells  in  the  Weir  Proper  on  the  left  bank. 

The  chief  work  of  this  season  was  the  foundations  of  the  Weir  Sluices. 
As  fast  as  the  site  was  reclaimed  sand  from  the  excavation  of  the  Canal 
Head  and  Lock  sites  was  tipped  in  by  means  of  small  metre-gauge  tram- 

*  SU,000  cqUo  feet  of  material  were  carried  ofver  the  bridge  besida  a  large  nmnber  of  kerbs  and 
other  things.    Its  cost  including  waate  of  material  was  Rs.  8940. 
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ways,  and  as  soon  as  the  sand  rose  above  water  kerbs  were  laid  and  built 

upon.  The  non-arriyal  of  mortar  mills  from  England 
caused  some  delay  but  others  were  got  in  Calcutta  and 
elsewhere  by  degrees.  One  six-foot,  one  eight-foot,  and  two  seyen-foot 
pans  were  set  up  on  the  right  bank  to  supply  the  Weir  Sluices;  also  a 
mill  of  rather  nondescript  pattern  sent  from  Roorkee.  Two  six-foot  pans 
were  fixed  at  the  Left  Wing  to  supply  the  works  there. 

The  total  number  of  blocks  in  the  Weir  Sluices  is  232  and  of  wells  86, 
all  of  the  latter  haying  to  go  into  the  clay  stratum.  During  the  season 
217  blocks  and  all  the  wells  were  laid  and  sunk,  wholly  or  in  part.  It*  had 
been  hoped  that  the  sinking  work  of  the  sluices  would  be  completed  dur- 
ing the  season.  The  work  howeyer  was  greatly  impeded  by  rises  of  the 
riyer  in  February  and  March.  It  also  suffered  from  delays  in  getting 
kerbs  and  other  essentials,  owing  to  the  Workshops  not  being  yet  organised 
and  fitted  completely. 

Work  was  finally  stopped  on  the  2nd  June  by  a  sudden  heayy  rise  in 
the  riyer.  Preyiously  to  this  the  first  8  of  the  deep  wells  in  the  Weir 
Proper  adjoining  the  Sluices  had  been  sunk,  to  form  a  protection  to  the 
twelye-foot  wells  of  the  Left  Abutment  from  a  possible  lateral  scour  dur- 
ing the  floods,  and  the  whole  site  of  the  Weir  Sluices  had  been  enclosed 
by  a  defensiye  work  of  block  kankar. 

This  was  run  out  on  the  up-stream  side  parallel  to  the  face  of  the  work 
at  a  distance  of  about  60  feet  from  the  front  line  of  blocks.  It  was  car- 
ried as  far  as  opposite  the  seyenth  well  in  the  Weir  Proper  and  then 

« 

down-stream,  passing  oyer  this  well,  until  clear  of  the  curtain  line  of  eight- 
foot  wells.  A  return  parallel  to  the  up-stream  face  enclosed  the  work  on 
the  down-stream  side.  The  top  of  this  embankment  was  placed  at  R. 
L.  591  the  foundation  leyel  being  about  575.  The  top  was  about  5  feet 
wide  at  first  and  the  slopes  ^.  To  guard  against  the  scour  in  floods  the 
N.-E.  angle  was  thickened  inside  and  it  stood  well  through  the  floods 
though  soundings  of  40  feet  were  frequently  taken  close  to  it.  The  work 
required  620,000  cubic  feet  of  block  kankar,  out  of  which  275,000  cubic 
feet  were  jnubsequently  recoyered  and  used  elsewhere. 

The  remainder  must  not  howeyer  been  considered  hat  as  it  forms  a 
yaluable  defence  to  the  finished  work  against  scour,  especially  that 
part  spoken  of  as  the  N.-E.  angle,  and  will  check  the  scouring  ac- 
tion  of  water  running  to  the  Weir  Sluices  when  open.     The  whole 
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of  this  materiaL  wm  brought  in  from  the  dep6t8  near  Aligarh  by 

the  Ondh  and  Rohilkhand  Railway  Company'!  trains 
direct  to  the  work. 

The  tools  nsed  for  sinking  the  wells  and  blocks  were  principally  Bnll's 
dredgers,  as  mentioned  already.  An  improred  sort  of  native  jham  ob- 
tained from  Messrs.  Marillier  and  Edwards  of  Calcutta  was  also  nsed  with 
▼ery  good  reanlts.  Some  of  the  petty  contractors  had  very  expert  diyers, 
and  when  these  were  at  hand  the  progress  made  with  this  tool  was  better 
than  with  the  dredger.  Wells  have  been  sunk  with  it  upwards  of  7  feet 
in  one  day.  Two  sets  of  regular  dress  divers  were  also  employed  and 
were  of  great  service  in  bringing  up  large  pieces  of  kankar  and  sandstone, 
which  were  met  with  in  some  of  the  wells.  No.  old  trees  or  sunken  boats, 
such  as  sometimes  have  given  so  much  trouble  in  well  sinking,  have  been 
met  with  at  Narora. 

Canal  Head. — In  order  to  provide  means  of  keeping  the  workmen  to- 
gether daring  the  floods  of  1874,  as  well  as  to  steal  a  season,  if  possible, 
for  the  progress  t>f  the  Canal  Head  the%ite  for  this  work  was  excavated 
and  kerbs  laid  and  built  on  before  the  rising  of  the  floods.  The  wells  were 
raised  by  temporary  brickwork  above  the  flood  level  and  sinking  was 
begun  when  work  was  stopped  elsewhere,  and  was  continued  until  the 
re-opening  of  the  other  works. 

The  progress  of  the  works  has  now  been  traced  to  the  end  of  the  first 
working  season,  that  of  .1873-74.  We  will  now  glance  at  some  necessary 
auxiliary  work  done  at  the  same  time*  The  tramway  was  completed  into 
the  khadir  by  Christmas  1873.  A  small  canal  Railway  station  and  tele- 
graph office  was  established  close  to  the  Weir  Sluices,  and  a  station 
master  appointed  to  work  the  khadir  tramways  under  the  canal  officers. 
During  the  working  season  and  the  floods  of  1874  the  sidings  to  the 
kankar  stacking  ground  and  Canal  Head  were  also  laid  down.  Also  a 
line  to  lead  to  the  up-stream  side  of  the  Weir  Sluices  and  one  to  the  site 
of  the  Lock. 

In  the  month  of  December  1878  the  formation  of  the  canal  banks 

within  the  Station  (or  Cantonment)  was  put  in  hands,  and  completed  by 

grassing  the  slopes  in  time  to  prevent  this  being  cut  away  by  tiie  rains. 

The  whole  consist  of  pure  red  sand  and  had  to  be  covered  with  a  thick 

coating  of  v^etable  soil  and  grass  brought  from  the  khadir  below.    The 

completion  of  this  work  afforded  a  level  terrace  road  rather  more  than 
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balf  a  mile  in  length  oyerlooking  the  riyer,  making  a  great  improye- 
ment  to  the  plaoe,  which  howeyer  was  at  no  time  a  y«ry  desirable  place  of 
residence.  Beyeral  thousands  of  trees  were  planted  in  1873  and  1874 
and  did  well,  especially  the  ahUham  and  sirris, 

A  system  of  permanent  triangles  was  established,  and  marked  by  brick 
pillars,  for  an  annual  snryey  of  the  riyer.  Ganges  at  interyals  of  one 
mile  were  established  and  obseryed  daily  dnring  floods.  These  extend 
from  a  point  6  miles  aboye  the  Weir  to  Ramghat,  4  miles  below  it,  and 
it  is  expected  that  the  resnlt  of  obseryations,  when  taken  for  seyeral  flood 
seasons  after  as  well  as  before  the  construction  and  completion  of  the  weir, 
will  afford  yaluable  data  for  calculatii:ig  the  effect  of  Weirs  on  a  large 
scale  in  altering  the  regimen  of  a  riyer. 

During  the  rains  of  1874  two  out  of  the  four  nine-foot  mortar  pans 
were  receiyed  irom  England  and  later  the  other  two.  The  other  mills 
were  re-arranged  during  the  slack  season  and  fixed  as  described  at 
page  26. 

Some  special  bricks  were  adbpted  for  the  coming  season.  .  The  first 
contract  for  a  hundred  lakhs  of  bricks  was  completed  before  the  rains  and 
a  new  one  for  the  same  qnantity  made  in  September.  In  1878-74  yous- 
soir  headers  and  curyed  stretchers  were  used  for  the  wells,  the  bricks 
being  of  the  usual  size,  9;^  inch  long.  A  new  brick  the  headers  of  which 
were  11^  inches  by  5  inches  in  mean  width  and  the  stretchers  10}  long 
by  5  wide  was  adopted  instead,  the  thickness  being  2^  inches  only.  These 
bum  yery  well  and  make  excellent  work  in  wells  of  about  18-inch  steining, 
the  bond  being  yery  strong.  A  closer  brick  for  plain  work  (as  suggested 
by  Oarbett  in  his  book  on  measuring)  was  also  adopted.  Its  size  is  9| 
by  6f  by  2}  and  it  has  been  found  most  useful  in  yarious  wajrs. 

The  collection  of  Block  and  Lime  Kankar  went  on  regularly.  Abo 
that  of  the  ashlar  required,  and  its  fitting  up  as  described  already.  Sey- 
eral new  houses  were  built  in  the  latter  part  of  the  working  season. 

Season  of  1874-75. — Before  proceeding  to  describe  the  season's  work 
some  of  the  preparations  made  for  it  will  be  noticed. 

Pumpa^-^Foxtt  6-inch  Gwynne  pumps  had  been  supplied  from  England. 

These  were  obyiously  not  enough  to  ensure  success  in  so  large  a  work  as 

the  Weir  Sluices  (haying  an  area  about  450  feet  by  150),  besides  which 

some  power  was  required  for  the  Weir  Proper.    Two  12-inch  Gwyime 

pumps  with  a  12  horse-power  portable  engine  for  each  were  purchased 
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from  the  Oadh  «nd  Rohilkhand  lUilway  Ck)mpaD7,  which  was  the  only 
available  souroe.  The  pomps  were  new  and  magnificent  machines,  but 
the  engines  had  done  a  good  deal  of  work.  Two  Woodford  pumps  were 
also  purchased  in  Calcutta.  A  very  couTenient  timber  frame  was  made 
in  the  Narora  workshops  for  each  pump.  It  had  screws  for  trayersing 
it  in  two  directions  and  an  arrangement  for  raising  and  lowering  the 
pump  easily,  when  fixed  oyer  a  well. 

Portable  engines  suitable  for  the  smaller  pumps  had  been  sent  from 
England  but  one  or  two  were  added  by  local  purchase.  Three  steam 
hoists  were  purchased.  These  were  intended  in  the  first  instance  for 
working  sand-pumps,  obtained  from  the  Agra  Canal  stores,  and  two  large- 
aized  BulVs  dredgers.  They  were  used  for  working  the  large  dredgers 
but  the  sand  pumps  were  not  used  as  it  was  found  they  could  not  com- 
pete (in  the  pure  sand)  with  the  ordinary  hand-dredger.* 

Later  these  hoists  were  used  for  other  purposes.  One,  which  had  about 
3  horse-power,  worked  a  couple  of  concrete  cylinders  on  the  Weir  Sluices 
and  the  other  two  were  used  for  pile-driving.  Two  concrete-mixing 
cylinders,  of  the  pattern  known  as  Ridley's,  were  purchased.  One  of 
these  was  intended  for  handpower  but  it  was  foimd  better  to  work  it  by 
steam.  The  other  was  of  a  larger  size,  and  answered  so  well  that  one 
like  it  was  made  in  the  Workshops. 

In  order  to  saye  time  and  trouble  in  getting  pumps  fixed  and  to  obyiate 
the  necessity  of  haying  to  use  the  foundation  wells  for  pumps,  in  some 
cases  an  inconyenient  arrangement,  two  wrought-iron  cylinders  were  pre- 
pared for  the  express  purpose  of  receiving  pumps.  These  cylinders  are 
8|  feet  in  diameter  and  12  feet  long,  or  deep,  made  of  ^-inch  iron  pjate. 
Hound  ^e  inside  of  the  bottom  a  piece  of  2|-inch  angle  iron  was  riyeted. 
Aboye  this  was  placed  an  india  rubber  packing  on  which  fitted  water-tight 
a  wooden  bottom  to  the  tube.  At  the  top  were  three  laige  eyes  to  receive 
hoisting  tackle. 

The  tube  was  pierced  with  three  sluices,  each  12  inches  wide  and  24 
inches  deep,  opening  downwards.  The  sill  of  the  lowest  sluice  was  placed 
80  as  to  be,  when  the  tube  was  in  position,  a  little  below  the  leyel  to  which 
it  was  required  to  lower  the  water;  The  top  of  each  sluice  was  placed  on 
a  level  with  the  sill  of  that  aboye  it. 


*  fiaod  pttD|«  are  ? ay  efleciiYO  in  sand  bUimI  with  sioiiM,  when  tbe  dredger  iii  welcH. 
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These  tnbes  require  only  a  few  hoars  to  sink  them  in  sand,  with  a  small 
Bull's  dredger  and  a  load  of  6  or  7  tons.  When  sunk  the  bottom  wm 
put  in  by  dirers  so  that  no  water  (bringing  sand  with  it)  can  rise 
from  the  bottom.  The  top  sluice  is  opened  gradually  down  when  the 
pump  is  started,  and  as  the  water  falls  the  second  and  the  third.  If 
pumping  was  suspended  the  sluices  were  at  once  closed  and,  together 
with  the  bottom,  prerented  that  blocking  up  by  sand  which  so  often  causes 
delay  in  pumping. 

Another  provision  for  the  coming  season  was  a  large  quantity  of  sheet 
piling.  The  sheets  were  of  8dl  wood  very  parefully  dressed  and  fitted. 
The  guide  piles  and  waling  pieces  were  all  of  the  same  timber.  Some 
very  handy  wronght-iron  ringing  engines  were  also  made  up  in  the  Narora 
Workshops.  They  were  on  a  timber  framed  platform  with  runners  for 
4  feet  8^-inch  gauge,  the  upper  part  «of  angle-iron.  The  monkeys  for 
thesis  were  cast  in  a  small  cupola  set  up  in  the  Shops  and  weighed 
4  cwt. 

The  programme  for  the  season  of  1874-75  had  been  as  follows : — 

1.  Complete  the  Weir  Sluices,  so  as  to  be  able  to  pass  the  river 
through  them  after  the  rains  of  1875. 

2.  Push  on  the  Canal  Head. 

8.    Build  and  sink  the  deep  wells  of  the  Weir  Proper  extending  over 

500  feet  from  the  Weir  Sluices,  and  also  put  in  the  concrete  floor  of  the 

part  near  the  Left  Wing  where  the  wells  had  been  already  sunk. 

At  the  end  of  the  floods  of  1874  the  state  of  affairs  was  as  follows : — 

In  the  Weir  Sluices  all  the  blocks  and  wells  were  in  hand  except  15  of 

the  .former.    On  an  average  each  block  had  8  feet  more  sinking  to  be 

done  to  it.    There  was  also  a  good  deal  of  sinking  yet  to  be  done  on  the 

« 

wells. 

In  the  Weir  Proper  8  of  the  deep  wells  had  been  partly  sunk,  on  the 
right  bank,  covering  70  feet  from  the  Weir  Sluices  Eastwards ;  on  the 
left  bank  the  foundations  for  a  length  of  920  feet  had  been  done,  ipolad- 
ing  the  40  feet  done  as  an  experiment  in  1873. 

In  the  Canal  Head  nearly  all  the  105  blocks  were  more  or  less  advanced 
in  smking. 

Floods  of  1874.— The  floods  of  1874  had  been  rather  heavy,  the 
maximum  gauge  reading  at  Narora  being  R.  L.  585*80,  showing  a  rise 
of  nearly  eleven  feet  above  Low  Water.    A  measurement  of  the  river 
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taken  when  the  gauge  read  585*20  gave  as  the  resnlt  of  calculation  a 
discharge  of  U  1,000  cubic  feet  pei  second.  Probably  this  might  be  in- 
creased to  160,000  to  represent  the  maximum  discharge  of  the  year. 

The  position  of  the  deep  stream  after  the  subsidence  of  high  floods  at 
its  crossing  oyer  the  Weir  Line,  and  the  direction  of  the  stream  there, 
were  of  course  elements  of  the  greatest  importance  as  affecting  the  sea- 
son's work.  Early  in  the  flood  season  the  conditions  seemed  likely  to  be 
tolerably  fayonrable.  The  main  stream  of  the  riTor  then  passed  about 
half  a  mile  off  the  village  of  Narora  and  came  down  tolerably  square  on 
the  weir  line.  Had  this  continued  it  would  probably  not  have  been  very 
difiBcnlt  to  push  the  river  further  East  after  the  floods  and  reclaim  the 
site  for  the  deep  wells,  in  the  same  way  as  was  done  for  the  Weir  Sluices  in 
the  prerious  season,  and  so  to  have  carried  out  the  original  scheme  of 
work.  But  towards  the  latter  partjof  the  floods  the  course  of  the  main- 
stream underwent  a  serious  change.  The  flood  cut  heavily  into  the 
khadir  land  at  the  point  where  Groin  No.  3  is  marked  in  Plate  III., 
eating  oat  a  bay  there.  The  rebound  brought  the  stream  heavily  against 
the  Narora  side  near  the  Inspection  House,  and  a  channel  was  formed 
which,  after  the  subsidence  of  the  floods,  left  the  stream  setting  into  the 
re-entering  angle  between  the  Canal  Head  and  the  Weir  Sluices.  This 
naturally  caused  it  to  rush  out  round  the  kankar  protective  works  of  the 
latter  with  great  force,  and  kept  up  a  heavy  scour  along  them.  The  lead 
still  showed  30  feet  of  water  over  the  sites  of  a  great  part  of  the  pro- 
posed wells.  The  same  cause  prevented  the  construction  of  the  pile 
bridge  in  the  early  part  of  the  season,  and  -the  tortuous  course  of  the 
stream  rendered  a  diversion  tedious  and  uncertain.  Under  these  cir- 
cumstances the  extension  of  the  Weir  Proper  wells  from  the  right  bank 
had  to  be  abandoned.  The  work  ultimately  substituted  for  this  will  be 
described  later. 

Working  Season  of  1874-75. — On  the  subsidence  of  the  floods  it  was 
found  that  a  heavy  deposit  of  black  slime  had  taken  place  in  and  over 
the  blocks  and  wells  of  the  Weir  Sluices.  This  was  due  to  percolation 
through  the  kankar  embankment,  though  it  was  rather  difficult  to  account 
for  the  very  slimy  nature  of  the  deposit  in  a  river  the  bed  of  ^hich  gen- 
erally of  pure  white  sand. 

This  deposit  varied  in  different  parts  from  3  to  7  feet  in  depth  and 
amounted  to  not  less  than  350,000  cubic  feet  on  the  work.    The  un- 
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finished  wells  and  blocks  were  Riled  up  with  it  and  it  was  a  matter  of 

Sea3on  1874-75.     «^''**  ^^^""^^^  ^  ^'^  *^"'"  "^"*'"^- 

£arl7  in  November  a  7-inch  Gwjnne  and  a  Woodford 

pump  were  fixed  in  two  of  the  curtain  wells,  No.  6  and  No.  7  counting  from 
the  right  bank.*  By  the  first  days  of  December  the  sinking  of  blocks  and 
wells  in  the  Weir  Sluices  was  again  in  active  progress.  The  closeness  of 
the  blocks  to  one  another  made  it  very  troublesome  to  sink  them,  and  had 
some  of  those  in  the  second  and '  third  lines  been  omitted  in  the  design, 
and  compartments  formed  to  be  filled  with  concrete,  a  good  deal  of  rain- 
able  time  would  have  been  saved.  It  is  very  probable  that  the  whole  of  the 
blocks  would  then  have  been  snnk  in  the  first  season,  instead  of  not  being 
complete  till  February  1875.  The  clearmg  and  filling  up  with  concrete 
of  the  narrow  intervals  was  a  very  tedious  task,  and  could  not  have  been 
done  in  a  solid  manner  had  not  the  pumping  power  been  very  afiectiye. 

By  the  end  of  February,  the  sinking  of  the  blocks  having  been  com- 
pleted and  a  number  of  the  intervals  dosed,  it  was  possible  to  make  a 
beginning  on  the  consolidation  of  concrete  in  some  of  the  eight  bays,  or 
compartments,  (each  42  feet  by  111  feet)  into  which  the  foandation  of 
the  open  parts  of  the  floor  is  divided. 

It  had  been  found  impossible  to  get  the  wells  of  the  abutments  and 
curtain  line  down  to  their  proper  depth  in  the  clay  without  the  means  of^ 
weighting  them,  for  which  purpose  nothing  so  effective  as  railway  bars 
has  yet  been  found*  Large  boxes  filled  with  sand  were  used -at  Narora, 
piled  to  a  considerable  height  one  above  another,  and  other  expedients 
were  tried  without  success.  Early  in  1875  a  thousand  tons  of  rails  were 
purchased  from  the  State  Railway  Department.  Each  well,  il  was  found, 
required  from  100  to  2§0  tons  to  get  it  down.  These  rails  were  delirered 
in  March,  and  were  brought  into  use  as  quickly  as  possible.  It  had  be- 
come clear  that  the  wells  could  not  be  finished  in  time  to  serve  as  part  of  the 
coffer  dam  for  the  concrete.  Consequently  a  line  of  sheet  piling  was  be- 
gun early  in  February,  at  a  distance  of  15  feet  clear  from  the  curtain 
wells,  and  thus  two  of  the  central  bays  were  prepared  for  concreting  by 
the  5th  March.  The  work  had  been  delayed  nearly  a  fortnight  in  Feb- 
ruary by  a  rise  of  the  river,  very  unusual  at  that  season,  of  no  less  than 
3  feet  in  one  night. 

•  AU  the  wellB  ud  blocks  woe  numbered.  The  Itnee  of  blocke  w«ra  dirttngaiahed  by  lafeUn 
A  to  K,  each  block  being  marked  with  its  number.  The  wells  andei  each  abutment  and  those  in 
the  curtain  line  were  similarly  numbered ;  those  in  curtain  line  from  West  to  Bast. 
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The  pamping  ammgements  were  as  follows: — One  of  the  12-iiich 

Owynne  pumps  was  fixed  in  No.  18  well  of  the  curtain 
line,  facing  the  bay  which  wsa  to  be  concreted  first. 
This  pamp  remained  in  the  same  place  to  the  end  of  the  working  season. 
The  other  12-mch  pnmp  was  fixed  in  a  wronght-iron  cylinder  snnk  dose 
to  one  of  the  cnrtain  wells  in  the  next  bay  to  the  East  of  the  last  named. 
These  two  pumps  drwned  the  two  bays  near  them,  which  were  excayated 
to  receife  concrete,  and  kept  down  the  water  in  the  alley  formed  between 
the  line  of  curtain  wells  and  the  sheet  piling. 

The  Woodford  and  the  7-inch  Gwynne  pumps  fixed,  as  mentioned  al- 
ready, in  the  neighbourhood  of  the  West  Abutment  were  left  in  their 
places  and  kept  down  the  water  which  dnuned  into  the  Canal  Head,  as 
well  as  in  the  end  bav  between  the  abutment  wells  and  line  E. 
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i. L 1 L 

A  line  of  wooden  caissons  1 6  feet  long  by  6  wide  and  10  deep  was 
sunk  in  a  bent  line  parallel  to  the  right  or  West  abutment  wells  and  at  a 
safe  distance  from  them.  These  were  filled  with  concrete.  When  the 
concrete  was  fully  set  the  ends  and  inner  sides  of  the  caissons,  which  had 
been  specially  fitted,  were  unkeyed  and  drawn  up.  The  intervals  between 
tiie  ends  were  closed  by  piling  and  concreted  and  the  mass  of  concrete 
thus  formed  acted  as  a  temporary  abutment.  Parallel  to  the  East  abut- 
ment a  line  of  sheet  piling  was  used*  The  concreting  of  the  floor  thus 
went  on  independently  of  the  deep  wells. 

To  keep  down  the  water  in  front  (or  up-stream)  of  the  work  it  was 
found  necessary  at  this  time  to  fix  the  spare  7-inch  Owynne  pump  on 
that  side.  It  first  stood  in  the  centre  block  of  the  third  line.  Later  it 
was  moTcd  to  nearly  the  eastern  end  of  the  second  line.  This  pump  en- 
abled us  to  concrete  the  interrals  between  the  blocks  very  efficiently,  and 
also  kept  the  water  in  front  of  them  from  orerflowing  the  floor.  It 
woulct  however  have  worked  still  better  if  on  being  moved  it  had  been 
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placed  in  a  i*roughl-iron  tube  jnat  oattide  the  work  in  ^nt,  i 

within  it,  aod  thna  created  an  outward  draught  instead 

of  an  inward  one.    It  was  being  moved  at  the  end  of 

Ihe  season  when  work  waa  atopped  and  not  nnti)  it  was  enbseqiieiitlj 

worked  Miliidt  could  the  last  of  the  interrals  between  blocks  close  bj  be 

cloaed  np  with  concrete. 

When  everything  was  read;  the  excaTation  of  the  bays  was  procsaded 
with,  and  the  water  liaving  been  reduced  to  the  proper  lerel  six  inche* 
of  dry  brick  ballast  was  laid  down  to  receive  the  concrete  at  R.  L.  567-0. 
Consolidation  of  ooncrete  was  began  on  5th  March  and  continaed  ntiin- 
terroptedly.  The  pnmping  waa  rerj  aatisfactoTj  and  ererj  part  of  tlie 
floor  waa  laid  and  consolidated  in  the  dry. 

The  lime  for  concrete  was  all  ground  clrj  and  stored  in  bags.  Two 
concrete  cjlindera  set  up  on  the  embankment  enclosing  the  work,  on  the 
np-stream  side,  were  need  for  mixing  the  lime  with  sand,  equal  parte  bj 
bulk  of  each  being  need.  The  snpply  of  material  was  by  a  branch  tram- 
way carried  over  the  Canal  Head  on  a  trestle  bridge,  and  the  cylinders 
were  driven  by  a  large  steam-hoist  and  were  fed  from  a  platform  laid 
level  with  the  top  of  the  hoppers. 

The  brick  (broken  to  1^'inch  ring)  having  been  soaked  in  tanks  made 
up  on  the  work  was  incorporated  nith  the  sand  and  lime  mixtare  by  hand, 
then  carried  straight  to  the.work,  laid  and  consolidated  by  ramming.  An 
Aaaistant  Engineer  waa  specially  employed  to  superintend  thia  work. 
Tory  little  water  ia  required  in  mixing  concrete  which  it  is  intended  to 
ram.  Common  ciicnlar  iron  rammers  were  need,  with  a  few  square  beaded 
ones  for  use  along  the  sides  next  blocks  and  sheeting.  In  a  few  days, 
nnder  dose  snpervision,  the  gai^  got  into  a  sort  of  drill  and  became  very 
expert.  The  brickwork  floor  (12  inches  Uiick)  overlying  the  ooncrete 
was  begun  on  the  12th  March  and  extended  as  fast  as  the  concrete  was 
ready.     It  waa  laid  in  English  bond. 

The  Gnt  stone  of  the  ashlar  floor  was  laid  on  the  Srd  April.    As  it 

was  of  the  greatest  importance  that  the  floor  should  be  laid  as  rapidly  ai 

posaible,  special  care  was  taken  with  the  arrangements.     The  whole  floor 

for  the  Weir  Sluiees  had  been  fitted  up  on  the  ashlar  ground  by  the  Slst 

March.     The  blocks  were  each  5  feet  long  by  2^  feet  wide  and  12  inohea 

weighing  about  16}  owts.     The  ordinary  Indian  method  of  moring 

,  by  harnesMug  a  large  nnmber  of  men  (AantUdnt*)  to  each  block, 
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WM  rqeoiod  as  miflaitoble  where  »  Urge  nomber  of  blocks  htd  to  be  laid 

at  one  time.    It  would  haye  required  from  350  to  400 
Seaacm  1874-75.  ^     ,  ^.  r  j       j  i  j  * 

men  to  keep  the  masons  sappued  and  led  to  a  verj 

inconxenieot  crowding  on  the  work.  Besides  eren  when  the  stone  is  mo? ed 
in  this  way  gjns  ars  reqnired  to  enable  the  masons  to  set  their  stone  pro- 
perly. Instead  of  the  handkdnia  the  supply  of  stones  to  the  masons  was 
effected  by  means  of  small  tmoks  each  carrying  a  single  stone.  A  metre 
gauge  trayerse  line  was  laid  across  the  floor  frt>m  each  point  in  front  of 
the  work  at  which  the  ashlar  was  deliTcred  by  a  gantry.  At  right  angles 
to  this  trarerse  line  a  number  of  light  moveable  tramways  were  laid,  each 
leading  to  one  of  the  gyns  at  work.  These  light  lines  consisted  of  12-lb. 
rail  spiked  to  wooden  planking.  The  small  trucks  were  placed  on  small 
wrooght-iron  traTcrsers  which  carried  each  block  to  the  junction  with  the 
line  leading  to  its  proper  place  in  the  floor.  From  thence  the  truck  was 
pushed  along  to  the  gyn  for  which  the  block  on  it  was  destined,  while  the 
traTerser  returned  for  another  truck  and  load. 

The  traverse  line  was  on  a  slight  incline  and  formed  of  86-lb.  rail, 
braced  and  tied  with  iron  so  as  to  be  light  and  easy  to  shift.  Weston's 
pulley  blocks  were  used  on  the  gyns.  When  the  work  was  fairly  under 
weigh  tliere  were  12  gyns  in  use,  each  laying  about  12  blocks  daily. 

The  delivery  of  the  blocks  on  the  floor  lerel  was  done  by  the  help  of 
two  gantries  set  up  about  120  feet  apart  on  the  up-stream  side.  By 
means  of  these  the  blocks  were  lifted  off  the  wagons,  carried  to  a  point 
over  the  ends  of  the  traverse  lines,  and  lowered  15  feet  to  the  trucks  be- 
low. The  stone  was  moved  by  crabs  resting  on  a  wooden  platform  truck 
running  on  the  gantries. 

As  the  embankment  in  front  of  the  work  was  too  narrow  to  allow  of 
points  and  crossings,  large  wrought-iron  traversers  were  used  to  transfer 
the  ashlar  wagons  from  the  main  tramway  to  a  siding  under  the  gantries. 

The  work  of  laying  ashlar  was  fully  started  by  12th  April  and  continu- 
ed without  intermission,  except  on  Sundays,  until  the  12th  June.  A 
requisition  for  the  blocks  reqnired  for  the  ensuing  day  was  sent  in  CTcry 
afternoon  by  the  offker  in  charge,  and  the  blocks  were  sorted  ont  of  the 
floor  as  it  lay  on  the  ashlar  ground  and  loaded  on  wagons  during  the 
night.  The  sorting  was  done  by  means  of  ^'  bandhdni»  "  who  carried  the 
blocks  to  a  crane  by  which  they  were  loaded  up  in  the  wagons. 

On  the  Idth  June  a  rise  of  the  Ganges  breached  the  embankment  en- 
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closing  the  Slnioes,  near  its  N.*E.  corner,  and  filled  the  work.     Bj 

time  the  concrete  work  was  complete  np  to  the  limits 
of  the  sheet  piling  and  brickwork  had  been  carried  oTer 
nearly  all  the  finished  concrete. 

The  greater  part  of  the  brickwork  had  in  its  tnm  been  coTcred  with 
ashlar. 

The  blocks  forming  the  foundation  of  the  snperstmctnre  had  been  filled 
with  a  hearting  of  two  parts  of  sand  to  one  of  lime.  Thej  were  left  on- 
covered  in  order  to  allow  the  work  to  be  inspected  after  the  floods  before 
bnilding  on  them.  This  reduced  the  area  available  for  laying  ashlar  on 
in  the  season  of  1874*75. 

Well-sinking  in  the  abutments  and  cnrtain  line  was  continued.    At 
the  approach  of  the  floods  the  unfinished  wells  were  raised  by  temporary 
brickwork  to  allow  of  sinking  work  being  continued  during  the  rains. 
This  temporary  work  was  laid  in  mud  to  save  mortar  and  damage  to  the 
bricks,*  but  it  was  scarcely  a  wise  economy  for  some  of  the  work  fell 
when  the  river  rose  on  it,  and  some  wells  had  to  be  supported  by  planks 
and  bound  round  with  rope  to  prevent  accidents.     Those  wells  the  brick* 
work  of  which  fell  were  of  course  lost  for  the  time  and  no  sinking  could 
be  done  on  them  till  after  the  floods.    It  should  be  noted  that  clay  was 
met  with  under  the  Weir  Sluices  at  a  somewhat  higher  level  than  in  the 
trial  wells  further  East  (the  first  trial  well  was  near  the  East  abutment) 
and  it  was  decided  in  April  1875  to  stop  the  wells  when  in'  clay  at  R.  L. 
545*0  instead  of  543*0.     Some  of  those  in  the  West  abutment  got  well 
in  to  clay  at  yet  higher  levels. 

Before  proceeding  to  describe  the  season's  work  on  the  Weir  Proper 
that  on  the  Canal  Head  must  be  briefly  noticed.  At  the  end  of  the  floods 
of  1874  the  work  of  block  sinking  had  made  considerable  progress  and 
it  was  then  found  necessary  to  stop  it  in  order  to  force  labour  into  tiie 
Weir  Sluices.  As  sinking  work  was  finished  there  the  men  were  allow- 
ed to  return  to  (the  easier)  work  in  the  Canal  Head  so  that  before  the 
end  of  May  the  blocks  were  all  sunk  and  hearted  with  concrete.  As  the 
gangs  employed  in  consolidating  concrete  in  the  Sluices  ran  out  of  work 
they  were  transferred  to  the  Head.  When  the  flood  of  12th  June  came 
it  found  about  one-third  of  the  floor  concrete  laid ;  the  first  of  the  five 

*  Brickwork  in  norter  cocU  not  b«  taken  down  at  Narora  cren  aftar  a  faw  montha  withoat  bnak- 
inf  tiM  brfcka. 
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bftjs  into  which  the  floor  is  divided  haying  heen  finished,  and  the  third 

partly  so.    Two  of  the  other  hays  were  cleared  ready 
for  concrete  but  the  remaining  one  was  obstmcted  by 
the  trestle  bridge  leading  to  the  Weir  Slnicee. 

It  was  very  desirable  to  shift  this  bridge  at  a  time  when  it  was  not 
wanted  for  nse,  in  order  both  to  improve  the  curves  of  the  line  and  get 
the  floor  nndemeath  finished.  A  clay  bank  was  therefore  thrown  in  to 
separate  the  Head  from  the  Weir  Blniees. 

While  this  was  being  done  a  12-inch  pump  was  brought  from  the 
SInices  and  pnt  up  over  one  of  the  blocks  in  the  left  Canal  revetment. 
A  7-inch  pump  had  already  been  working  in  the  centre  of  the  front  line 
of  cnrtwn  wells  and  these  two  together  laid  the  work  (area  about  800 
feet  by  80  feet  and  head  of  water  18  feet)  perfectly  dry.  Concreting  was 
resumed  on  the  8th  July  and  all  completed,  brickwork  was  laid  over  a 
great  part  of  it  and  a  small  piece  of  the  ashlar  floor  laid  to  receive  the 
tresUeSy  and  thus  obviate  any  necessity  of  breaking  the  bridge  during  the 
next  season.  This  was  done  by  80th  July  and  the  pumps  were  then 
stopped. 

Biver  Wall. — ^The  building  and  sinking  of  the  wells  for  this  work  (47 
in  number)  was  pushed  on  during  this  season,  and  41  of  them  were  sunk 
and  concreted  before  the  floods.  A  bank  of  block  kankar  was  built  on 
the  tops  of  the  wells  to  protect  the  ground  behind  from  erosion  during 
the  floods. 

The  foundation  of  the  puddled  clay  bank  faced  with  block  kankar 
pitching  which  protects  the  river  front  in  continuation  of  the  Biver  Wall 
and  Lock  Head  was  done  at  the  end  of  this  season.  Orders  to  begin  it 
were  received  in  April,  and  it  was  carried  on  with  some  difficulty  owing 
to  the  rising  of  the  river  in  May.  The  clay  had  to  be  brought  from  Raj- 
ghat.  It  was  carried  to  the  work  by  means  of  a  branch  tramway  laid  on 
the  tow-path. 

Weir  Proper, — The  unfavourable  turn  taken  by  the  main  stream  of  the 
river  towards  the  end  of  the  floods  of  1874  has  already  heen  described, 
and  its  effect  in  delaying  the  construction  of  the  pile  bridge,  and  in  caus- 
ing a  change  of  the  programme  of  operations  on  this  part  of  the  work, 
has  been  mentioned.  The  timbers  available  for  the  pile  bridge,  which 
was  this  year  to  carry  heavy  locomotives,  were  only  20  to  22  feet  in 
length,  consequently  could  not  be  used  in  more  than  about  ten  feet  of 

268 


38  THE    CONSTRUCTION    OP    THE    NARORA    WORKS    BBAD»    BTO. 

water.     Whilst  the  river  was  failing  no  time  was  lost  in  endeaTooring  to 

divert  the  stream  eastward.     A  series  of  tree  spuB 
Season  1874-75. 

was  thrown  out  in  echelon  above  the  work  and  these 

gradaally  took  effect,  causing  silt  to  be  deposited  on  the  sites  of  some 
of  the  deep  wells  of  the  Weir.  Pile -driving  for  the  bridge  was  begun 
from  the  left  bank  on  16th  January  1875.  The  depth  of  water  had 
by  this  time  been  sufficiently  reduced  to  allow  of  a  spur  of  block  kankar 
(an  expensive  material  which  we  could  not  afford  to  use  reckleesly) 
being  run  out  from-  the  embankment  round  the  Weir  Sluioesr  to  pro- 
tect the  site  of  some  of  the  wells.  Under  cover  of  this  sand  was  thrown 
in  and  the  kerbs  for  Nos.  409  to  414*  wells  of  the  Weir  were  laid 
on  12th  February. 

The  bridge  was  nearly  completed  on  18th  February  when  it  was  delay- 
ed several  days  by  a  flood.  A  good  deal  of  the  pile-driving  for  the  bridge 
in  this  season  was  done  by  crab-engines,  a  steam  engine  not  being  avail- 
able until  the  work  was  about  half  done.  The  cost  of  driving  each  pile 
by  steam  was  Rs.  8-12  against  Rs.  5-8  by  hand.  The  pile*engine  and 
steam-hoist  which  worked  it  were  both  put  on  a  large  country  boat,  but 
as  this  was  found  hardly  *'  stiff"  enough  it  was  decided  to  use  two  boats 
lashed  together  next  season. 

The  pile-engines  were  found  sci^rcely  high  enough  to  set  the  pile  easily, 
so  a  thirty-foot  engine  was  ordered  for  the  next  season  and  the  work  was 
then  done  very  quickly. 

The  bridge  was  ready  for  traffic  on  9th  March  and  kerbs,  bricks  &c.  for 
the  new  work  on  the  left  bank  began  to  pass  over. . 

The  work  taken  up  on  the  left  bank  in  this  season  oonsisted  in  extend- 
ing the  weir  foundations  500  feet  more  westward  in  continuation  of  the 
900  feet  done  in  the  previous  season.  This  was  in  substitution  for  the 
loss  of  length  on  the  other  bank. 

More  work  could  have  been  done  but  it  was  not  advisable  to  eneroaeh 
too  much  on  the  waterway  left  available  for  the  flood  stream.  By  the 
81st  March  9  more  of  the  deep  wells  (on  the  right  bank)  were  begun 
making,  with  the  8  of  the  previous  season,  23  in  all  from  the  right 
bank  out  of  the  total  number  of  66  which  had  to  be  sunk  to  tiie  clay 
bed.    These  28  wells  cover  a  length  of  227  feet.    The  protectiye  works 


*  The  wttUa  4Sf  ia  waoiter  ut  BonteKd  fran  Halt  to  West. 
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eoTered  nearly  200  feet  more,  taking  both  sides  together,  and  conse- 

qnently   there  were  aboat    2000   feet    of    waterway 
{3800  -  (1400  +  220  +  180)}  left  clear  for  floods. 

In  addition  to  sinking  new  wells  the  work  of  clearing  out  sand,  con- 
creting the  floor  and  laying  brickwork  and  ashlar  in  the  work  of  1873-75 
was  to  be  pushed  on. 

The  whole  of  the  blocks  and  wells  in  the  new  work  were  finished  by 
the  17th  May.  Meanwhile  concreting  was  begun  from  the  trial  block  of 
1873.  A  good  deal  of  the  concrete  put  in  there  was  found  to  be  bad. 
This  was  partly  owing  to  the  lime  (supplied  by  petty  contractors  before 
our  own  lime  burning  arrangements  were  complete)  not  being  good,  and 
partly  to  the  want  of  a  perfect  command  of  the  water  when  it  was  being 
laid.  All  the  defective  work  was  taken  up  and  made  good,  and  work 
was  carried  on  up  to  the  30th  June.  By  that  time  nine  compartments,  or 
bays,  of  tiie  floor,  covering  448  running  feet  of  Weir,  had  been  concreted 
and  brickwork  laid  over  200  running  feet.  The  ashlar  for  700  feet  run 
was  sent  over,  but  only  112  feet  run  were  laid. 

During  this  season  only  three  pumps  were  available  for  use  on  this 
side  of  the  river.  At  first  two  7-inch  Gwynne's  and  one  Woodford's 
pumps  were  used.  Latterly  one  of  the  former  was  replaced  by  another 
Woodford,  as  it  got  so  worn  that  it  did  not  give  full  duty.  During  the 
floods  the  Gwynne  pumps  were  lined  with  steel  in  the  Narora  Shops, 
which  prevented  their  wearing  and  greatly  improved  their  out-throw  in 
the  next  season. 

The  difficulty  of  keeping  the  work  dry  in  this  season  was  increased  by 
the  backwardness  of  the  deep  piling  between  the  eight-foot  wells.  This 
was  partly  due  to  a  want  of  steam  piling  engines  and  partly  to  the 
difficulty  of  getting  piles  20  feet  long  set  between  wells  which  had  been 
corbelled  to  a  square  top.  This  difficulty  was  obviated  for  the  future  by 
corbelling*  the  wells  sunk  in  1875  to  the  outer  side  only,  which  is  in 
fact  all  that  is  required  to  form  the  floor  upon. 

At  the  best  piling  between  brick  wells  is  an  imperfect  job,  except  for 
very  shallow  wells.  It  scarcely  ever  happens  that  two  adjoining  wells 
are  both  perfectly  vertical,  so  that  a  perfect  joint  is  very  seldom  pos- 
sible. 

*  All  xoDBd  valli  wbloh  had  to  carry  Miy  npentractar*  wen  oortellad  to  «  ■qnare  before  ■inkiiiK 
the  bat  teogtb.   Thia  aavad  mocb  ezpanaa  and  wm  not  foiuid  Co  oauaa  aoy  dUBcalty  in  sinking 
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Absolute  dryness  during  consolidation  of  concrete  was  insisted  on.    In 

consequence  of  this,  and  the  deficient  pampine  power, 
ScMon  1874*7o« 

the  progress  fell  somewhat  below  what  was  desired  but 

not  so  much  as  to  affect  the  final  result. 

The  pumps  were  placed  on  certain  of  the  eight-foot  wells  which  had 
been  prepared  for  the  purpose.  When  building  them  two  circolar  holes, 
12  inches  in  diameter  and  at  different  levels,  were  built  on  the  inner 
side.  These  were  filled  up  with  brickwork  in  mud  and  plastered  on  the 
outside. 

After  the  sinking  of  these  wells  was  complete  they  were,  instead  of 
being  filled,  only  concreted  up  to  such  a  level  as  would  admit  of  the 
pump  standing  below  the  lower  hole.  When  required  for  use  the  holes 
were  broken  out  from  inside.    The  upper  hole  was  used  in  reducing^  the 

* 

water  and  clearing  out  the  sand  from  the  bays  and  the  lower  was  placed 
so  as  to  allow  of  the  water  being  kept  down  below  the  lowest  lerel  at 
which  concrete  was  to  be  laid. 

A  layer  of  6  inches  of  broken  brick  laid  dry  was  used  below  the 
concrete,  to  form  a  bed  for  it  and  prevent  sand  from  working  up  into  it 
during  consolidation. 

Work  was  continued  on  the  left  bank  until  ^Oth  June  when  the  back- 
water from  the  river  rose  so  high  as  to  block  the  outfall  for  the  drainage. 

On  the  right  bank  six  of  the  23  deep  wells  were  finished  and,  a  talus 
having  been  laid  behind  (down-stream  of)  them,  the  floods  were  allowed 
to  pass  over  them  all.  It  was  an  oversight  not  to  have  filled  the  an- 
finished  wells  with  clean  sand.  During  the  fioods  they  got  filled  up  with 
slimy  mud  which  it  cost  a  great  deal  of  time  and  trouble  to  remove 
before  sinking  could  be  resumed  in  the  next  season. 

To  protect  the  end  of  this  line  of  deep  wells,  a  block  kankar  spur  200 
feet  long  was  placed  at  right  angles  to  the  weir  line,  covering  the  last 
well.  As  this  spur  would  be  exposed  to  the  full  force  of  the  deep  stream 
in  fioods  it  was  sure  to  require  additional  material.  To  supply  this  a 
boat  bridge  was  laid  connecting  its  lower  end  with  the  tramway  below 
the  Weir  Sluices.  The  flood-action  on  this  spur  was  very  violent  in  the 
earlier  part  of  the  fioods,  before  the  recent  additions  to  the  river  works 
had  had  time  to  take  effect. 

The  west  end  of  the  Weir  work  on  the  left  bank  was  also  protected 
before  these  floods.     In  the  previous  season  it  had  not  been  necessary, 
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bttt  as  it  was  intended  that  the  ri?er  works  should  now  throw  the  force 
of  the  flood  stream  against  the  left  bank  a  strong  embankment  faced 
with  large  kankar  was  thrown  up.  This  was  further  protected  by  a 
spur  €0  feet  long  carried  up-stream,  to  keep  the  spill  jrater  running 
back  to  the  channel  from  cutting  the  embankment.  A  large  reserre 
of  block  kankar  was  stacked  near  in  case  the  work  should  be  seriously 
attacked  by  the  flood.  A  simQar  spur  was  thrown  out  on  the  down- 
stream side. 

WitL  the  end  of  this  season  the  work  had  reached  a  critical  stage. 
The  foundations  for  the  weir  had  been  sunk  oyer  a  length  of  1400  feet 
from  the  left  and  200  feet  from  the  right  bank.  The  necessary  protec- 
tive works  at  the  two  ends  covered  a  length  of  200  feet,  making  a  total 
of  1800  feet  out  of  the  3800  feet  between  the  abutments  of  the  Weir 
Proper,  and  leaTing  a  waterway  of  2000  feet  available  for  floods.  The 
floods  of  1874  occupied  a  waterway  of  1700^  feet  in  width.  It  was  clear 
therefore  that  until  the  whole  line  of  weUs  could  be  completed,  from 
bank  to  bank,  in  one  season  it  would  not  be  safe  to  do  much  more  in  the 
way  of  extending  the  foundations  of  the  Weir.  The  most  that  could  have 
been  ventured  upon  would  have  been  to  sink  the  remaining  83  deep  wells , 
wbick  would  cover  just  300  feet  and  reduce  the  clear  waterway  to  1700 
feet.  To  do  more  would  have  exposed  one  or  both  of  the  ends  of  the 
unfinished  line  to  a  violent  attack  from  the  succeeding  floods,  and  might 
have  led  to  some  of  the  wells  being  upset.  It  would  also  have  forced  the 
flood  to  scour  out  a  deep  channel  for  itself  and  thus  have  delayed  the 
progress  of  the  work  in  the  following  season,  just  as  it  was  delayed  in 
that  of  1874-75. 

The  Ganges  training  works,  which  had  been  going  on  regularly  since 
1873,  were  now  approaching  completion.  It  was  expected  that  after 
the  floods  of  1875,  the  stream  would  be  forced  to  flow  nearly  square 
across  the  weir  line,  and  would  at  the  same  time  be  pushed  away  from 
the  right  bank,  where  it  had  given  so  much  trouble  in  the  earlier  part  of 
the  two  former  seasons.  If  so  the  early  construction  of  the  bridge  would 
be  possible,  but  no  dependence  was  placed  on  this  and  a  supply  of 
material  more  than  sufiScient  for  the  eight-foot  wells  had  been  already 
stored  on  the  left  bank  before  the  bridge  of  1874-75  was  broken  up. 

Under  these  circumstances  a  project  for  closing  the  river  by  the  line  of 
curtain  wells,  and  turning  the  cold  weather  supply  through  the  sluices 
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was  submitted  to  the  GoTerament  N.  W.  Provinces  in  August  1875. 
The  programme  for  the  season  of  1875-76  was  as  follows : — 

Project  for  closing  the  river.-^  As  soon  as  the  water  fell  low  enoogfa, 
the  buildmg  and  sinking  of  foundations  was  to  be  resumed  on  the  left 
bank,  using  the  materials  already  stored  there. 

As  the  water  fell  in  September  spurs  were  to  be  put  in  on  the  right 
bank  to  deflect  the  stream  off  the  sites  of  the  deep  wells.  It  was  reck- 
oned that  this  could  be  accomplished  and  the  sites  prepared  bj  the 
middle  of  December.  £j  the  middle  of  February  all  the  eight-foot  wells 
up  to  No.  300  would  be  sunk,  making  1800  feet  run  of  new  work  on  the 
left  bank,  while  on  the  right  bank  the  wells  from  No.  866  to  No.  400 
would  be  in  a  forward  state.  A  gap  of  66  wells  or  just  600  feet  would 
be  left  for  the  river.  Three  months  would  then  be  left  in  which  to  close 
the  river,  diverting  the  water  through  the  sluices,  build  and  sink  the  re- 
maining 66  wells,  and  prepare  everything  for  the  floods. 

It  was  calculated  that  the  sluices  could  be  got  ready  to  be  opened  for 
the  river  to  pass  through  them  by  15th  February.  A  scheme  for  closing 
the  river  was  at  the  same  time  sketched  out. 

Floods  of  1875. — The  rains  began  on  the  24th  July.  Early  in  August 
the  course  of  the  river  began  to  change  and  by  the  middle  of  August 
the  improvement  in  the  course  of  the  flood  stream  was  very  marked, 
the  deep  stream  working  over  to  the  Eastward  and  impinging  on 
the  left  bank  above  the  Weir.  A  gang  of  men  was  kept  at  work  loosen- 
ing the  bank  with  crow-bars,  and  the  soil  was  rapidly  carried  away  by  the 
floods.  By  the  end  of  September  the  river  had  encroached  1000  feet 
opposite  the  Inspection  House,  and  the  erosion  extended  down  towards 
the  Weir,  getting  rid  of  a  large  patch  of  land  which  obstructed  the 
approach  to  the  Weir. 

Season  of  1875-76. — At  the  end  of  the  floods  the  main  stream,  which 
early  in  August  had  flowed  in  a  deep  and  rather  winding  bed  passing 
close  to  the  kankar  spur  .on  the  right  bank  near  the  Weir  Sluices,  had 
moved  1400  feet  to  the  Eastward  and  was  flowing  nearly  square  across 
the  weir  line  in  a  broad  and  shallow  bed.  The  state  of  the  river  was 
most  favourable  for  a  closure.  The  main  stream  was  exactly  in  the  posi- 
tion most  convenient  for  the  operation  and  the  cross  section  all  that  oould 
be  desired.  There  were  no  deep  holes,  and  it  was  possible  to  begin  the 
pile  bridge  very  early  in  the  season.     The  old  bed  left  on  the  right  bank 
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was  now  very  narrow  and  nowhere  nioro  than  18  feet  deep.    Moreover 

the  velocity  in  it  was  very  small ,  not  more  than  that 
half  a  foot  per  second,  bo  that  there  was  no  difficalty  in 
closing  it  by  a  band  and  preparing  the  sites  of  the  deep  wells.  East  of 
this  old  channel  was  a  shoal  of  some  extent  left  dry,  just  at  the  site  of 
No.  366  well,  the  easternmost  of  the  deep  ones.  Eastwards  of  that  the 
water  was  shallow  for  a  length  of  600  feet,  so  that  there  was  no  difficalty 
in  carrying  an  embankment  for  the  tramway  from  the  right  bank  up  to 
the  edge  of  the  main  stream. 

By  the  Srd  November  the  channel  on  the  right  had  been  closed  by  an 
embankment  and  the  kerbs  for  600  feet  run  of  new  wells  laid  out. 

Under  these  favourable  circumstances  the  Chief  Engineer  approved  of 
the  programme  sketched  out  in  August  being  adopted  and  orders  to  go 
on  with  it  were  received  on  7th  November.  As  these  orders  had  been 
expected  and  everything  short  of  actually  beginning  to  build  had  beea 
got  ready,  work  was  commenced  at  once. 

The  season's  work  will  be  described  in  the  same  order  as  before. 

* 

No  new  machines  or  appliances  were  made  or  purchased  except  the  foU 
lowing: 

One  additional  tank  engine  for  the  canal  tramways  purchased  from 
the  Oudh  and  Rohilkhand  Railway  Company.  Fortunately  they  had  one 
to  spare  of  the  same  pattern  as  the  two  previously  bought. 

Two  additional  Owynne  pumps.  A  10-inch  pump  was  obtained  in  Cal- 
cutta which  proved  a  valuable  addition  to  the  pumping  power  for  the  Weir 
Proper,  throwing  1500  gallons  per  minute  against  650  only  which  the 
7-inch  pumps  throw. 

A  trestle  bridge  to  carry  the  tramway  over  the  Weir  Sluices  when  the 
river  was  to  be  dosed,  was  ordered  in  July  and  made  up  in  the  Narora 
Workshops.  It  was  to  stand  on  the  ashlar  floor  and  was  480  feet  long  in 
bays  of  14  feet  span.  An  additional  hundred  feet  length  of  pile  bridge 
was  also  prepared  for  the  Weir. 

Weir  Sluices. — It  was  essential  to  the  success  of  the  season's  work 
that  the  Bluices  should  be  ready  to  pass  the  supply  of  the  river  when  the 
opening  left  for  it  in  the  line  of  Weir  wells  had  to  be  closed.  To  allow 
a  margin  for  safety,  this  date  was  fixed  at  15th  February,  although  it 
was  not  absolutely  necessary  to  begin  the  closure  quite  so  soon.  Every 
effort  was  therefore  made  to  get  the  work  completed   by  15th  Feb- 
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ruary.     The  sinking  of  wells  in  the  Weir  Slaices  had  been  continiied 

during  the  floods.  Actual  work  was  opened  for  the 
season  in  the  Canal  Head,  the  floor  of  which  is  S  feet 
higher  than  that  of  the  sluices.  Pumping  was  begun  there  on  5th  Nor- 
ember  (the  pumps  used  in  July  being  still  in  position  after  repairs).  On 
the  9th  the  work  was  dry  and  brickwork  was  resumed  on  the  floor.  Ash- 
lar work  on  the  floor  was  resumed  on  12th  November  and  went  on  con- 
tinuously to  completion. 

The  superstructure  was  begun  in  this  season.  It  was  desirable  to  get 
it  above  H.  W.  M.  of  floods  so  that  it  might  be  continued  during*  the 
rains.  The  work  went  on  more  or  less  rapidly  according  to  the  demand 
for  labour  on  the  works  which  were  of  more  immediate  importance. 

River  Wall, — Work  was  carried  on  herein  a  similar  way.  By  the  Ist 
April  it  had  reached  B.  L.  582  and  so  was  available  to  employ  some 
of  the  bricklayers,  during  the  floods  of  1876. 

On  the  Left  Wing  wall  nothing  was  done  in  this  season.  The  rails 
released  from  the  Weir  Sluices  in  March  were  taken  over  to  load  the 

wells. 

The  arrangements  for  pumping  in  the  Weir  Sluices  were  as  follows : 
One  12-inch  Gwynne  pump  was  placed  in  a  wrought-iron  cylinder  out- 
side the  work  behind  the  west  abutment  and  close  to  No.  16  well  in  it. 
The  other  12-inch  pump  was  in  a  wrought-iron  cylinder  close  to  No.  IS 
well  on  the  East  abutment,  outside  the  work,  and  a  7 -inch  pump  was 
placed  in  one  of  the  front  line  of  blocks  on  the  up-stream  side  of  the 
work.  In  order  to  lower  the  water  enough  to  allow,  these  pumps  to 
be  fixed  properly,  a  7-inch  Gwynne  pump  was  worked  in  No.  26  eight- 
foot  curtain  well  from  the  16th  November.  The  permanent  arrangement 
of  pumps  was  thus  got  in  so  as  not  to  require  alteration  afterwards. 
Each  pump  was  surrounded  on  the  outside  by  sheet  piling  connected 
with  the  permanent  work. 

On  the  22nd  November,  when  the  works  were  inspected  by  Sir  Andrew 
Clarke,  Public  Works  Member  of  Council,  the  floor  was  nearly  dry. 
Concreting  and  brickwork  were  resumed  in  the  Weir  Sluices  on  13th 
December.  By  this  time  the  embankment  between  the  Canal  Head  and 
the  Sluices  had  been  removed  and  the  pumps  in  the  Canal  Head  were  no 
longer  required.  Ashlar  work  was  immediately  resumed  and  the  whole 
went  on  without  interruption  to  Ist  March.     By  that  time  the  well  sink- 
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ing  had  been  finished  the  floor  joined  oyer  the  lines  of  wells,  the  abut- 
ment walls  and  piers  had  been  raised  six  feet  abore  the 
floor  (to  R.  L.  578)  and  tbe  work  was  ready  to  allow  of 
the  riyer  being  tamed  through  it.    Afterwards  the  snperstmctnre  was 
raised  high  enough  to  prevent  its  being  submerged  by  the  floods. 

Weir  Proper. — When,  on  the  6th  November,  the  Chief  Engineer's 
orders  to  close  the  river  were  received  brickwork  was  at  once  begun  upon 
kerbs,  which  had  already  been  laid  in  position  on  the  left  bank  of  the 
river.  A  day  or  two  later  work  was  begun  upon  the  new  deep  wells  on 
the  right  bank.  By  the  Hth  68  new  wells  were  in  progress  and  the  sites 
for  49  more  were  ready  for  the  kerbs. 

The  additional  100  feet  of  pile  bridge  which  had  been  got  ready  for 
this  season  gave  the  bridge  a  clear  waterway  of  600  feet.  The  con- 
stmction  of  the  bridge  was  begun,  from  the  left  bank,  on  3rd  November. 
This  season  the  pile-driving  was  done  entirely  by  steam.  The  thirty-foot 
pile  engine,  fitted  on  a  raft  formed  of  two  country  boats  lashed  t(%eiher  and 
decked  with  rulway  bars,  worked  very  well  and  had  ample  <'  stiffness  '* 
for  placing  the  heavy  piles.  The  bridge  was  ready  on  the  4th  January. 
It  had  a  navigation  opening  of  30  feet  spanned  by  iron  girders  framed 
and  braced  together  and  a  footway  4  feet  wide.  To  pass  boats  the  iron 
girders  were  raised  and  removed  by  bringing  a  boat  under  them.* 

At  each  end  of  the  pile  bridge  an  abutment  of  block-kankar  was 
formed,  to  prevent  any  erosion  of  the  banks  by  a  flood,  or  during  the 
operation  of  closing.  A  wing  of  block-kankar  was  put  down-stream  of 
each  abutment,  that  on  the  right  bank  being  prolonged  to  No.  3  trial 
well.  As  the  bridge  was  formed  block-kankar  was  put  in  ;  first  round 
those  piles  where  scour  was  going  on,  and  then  gradually  extended  till  a 
level  floor  at  R.  L.  570  was  formed  under  the  entire  bridge. 

On  the  left  bank,  two  7-inch  Gwynne  pumps  were  in  position  and  work- 
ing by  5th  December,  to  allow  of  the  sand  being  cleared  away  and  the  bays 
made  ready  to  receive  concrete.  Later  two  other  pumps  (a  10-inch  and  a 
7-inch)  were  fixed  and  the  work  of  concreting,  brickwork  and  ashlar  went 
on  steadily.  On  the  completion  of  the  pile  bridge,  the  steam  pile  engine 
was  sent  to  the  curtain  line  of  wells  on  the  left  bank,  and  another  was 
got  to  work  on  the  curtain  line  of  the  Weir  Sluices.  After  finishing  in 
the  Weir  Sluices,  the  latter  worked  along  the  Weir  from  the  right  bank. 

*  This  DftTigation  opening  wiB  part  o(  orlgiiud  bridge. 
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» 

It  was  a  great  adyantage  to  the  work  on  the  Weir  Proper  that  the  de^ 

piling  was,  this  year,  well  in  adyance  of  the  concreting 
work.  The  acquisition  of  a  10-inch  pnmp  and  the  great 
improvement  in  the  old  pumps  from  the  steel  lining  also  helped  to  make 
the  work  on  the  Weir  Fi'oper  easier  than  in  the  last  season. 

The  writer  left  the  works  in  December  1875  and  resigned  his  charge  to 
Oaptam  J.  H.  Western,  RE. 

The  trestle  bridge  for  the  Weir  Slnices  was  pnt  np  in  February ;  the 
rail  leyel  on  it  being  at  B.  L.  582. 

By  the  beginning  of  March  all  the  twenty-foot  wells  of  the  Weir  were 
finished  and  all  the  deep  wells  were  in  progress;  and  a  dozen  of  the 
latter  were  complete.  The  pile-bridge  stood  between  wells  No.  278  and 
234.  Preparation  for  the  diyersion  of  the  river  to  the  Weir  Sluices 
was  begun  in  the  middle  of  February  by  fiUing  up  the  hollows  in  the 
river  bed  with  block-kankar,  and  this  forming  a  continuous  bar  between 
the  abutments  of  the  pile  bridge.  The  section  of  the  bar  is  shown  in 
the  sketch. 


RJL57, 


The  crest  of  this  was  one  foot  above  the  level  of  the  Weir  Sluices  floor 
and  the  bar  formed  a  platform  on  which  to  raise  the  dam  required  to  close 
the  river  and  make  the  actual  diversion.  A  diversion  channel  250  feet 
wide  was  excavated  down  to  the  water  level,  leading  to  the  Weir  Sluices 
from  the  main  stream  above  the  pile  bridge,  and  three  cuts  70  feet  wide 
were  made  through  the  spoil  banks  below  the  sluices. 

On  the  2nd  March  the  raising  of  the  loose  stone  dam  was  begun.  The 
material  was  brought  in  by  train  loads  from  the  depots  near  Aligarh  by 
the  Bailway  Company,  and  thrown  into  the  river  from  the  bridge.  At 
the  same  time  the  embankment  round  the  Sluices  was  cut.  By  the  5th 
the  dam  was  raised  to  R.  L.  580  and  the  diversion  was  complete.  The 
success  of  the  arrangements  was  rendered  more  easy  than  it*might  have 
been  by  the  small  volume  of  water  then  in  the  river. 

As  soon  as  the  kankar  band  was  finished  a  facing  of  loose  burnt  ballast 
was  thrown  in  on  its  np-stream  side  over  which  were  placed  screens  of 
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grass  and  matting.    Clay  was  then  thrown  in  and  when  percolation  had 

thus  been  stopped  a  sand  bund  was  formed  and  the  sites 

of  the  remaining  68  wells  thus  laid  dry.    This  was  done 

by  the  11th  March  and  kerbs  were  at  once  laid  and  built  upon.    49  ont 

of  the  63  wells  were  folly  sunk  within  a  month  of  laying  their  kerbs  and 

the  others  soon  after. 

Work  on  the  Weir  was  closed  on  May  15th.  All  the  closure  wells 
except  one  (which  had  to  go  about  18  inches  more)  had  been  sunk  and 
all  the  deep  wells  except  fiye.  These  last  (Nos.  394  to  398)  had  got 
upon  the  remains  of  the  protectiye  works  of  1875  and  had  to  be  filled 
up  with  sand  and  left  to  be  completed  next  season. 

At  this  time  the  concrete  work  in  the  floor  had  been  finished  over  a 
total  length  of  1600  feet. 

The  front  line  of  blocks  was  sunk  for  440  feet  from  the  right  and 
continued  500  from  the  left.  This  brought  the  end  of  the  line  on  the 
left  bank  just  half  way  across  the  Weir. 

At  each  end  wells  were  substituted  for  the  last  three  blocks,  and  they 
were  sunk  10  feet  deeper  than  the  blocks  to  provide  against  scour  during 
the  floods  of  1876. 

In  February  1876  a  modification  of  the  Weir  section  was  ordered.  It 
originally  had  been  thus— 

RLJS8I.75  j*--7--* 


It  was  now  decided  to  abandon  the  cistern  and  make  the  floor  flush  at 
R.  L.  572  by  omitting  the  shaded  part.  The  original  section  had 
been  completed  for  a  length  of  about  200  feet  on  the  left  bank  in  1874-75i 
the  Weir  wall  being  built  also  up  to  the  level  of  R.  L.  575. 

The  idea  of  the  origmal  section  was  to  protect  the  floor  from  the  action 
of  the  falling  water  by  the  three-foot  cushion  of  water  which  would  be 
formed  oyer  it,  but  it  was  obyious  that  the  three-foot  wall  oyer  the  curtain 
wells  would  increase  the  action  on  the  talus.  Finally  it  was  decided  that 
the  tains  wanted  protection  more  than  the  floor,  and  hence  the  cistern 
was  abolished. 
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At  the  time  that  this  change  was  decided  on  orders  were  given  to  keep 
the  Weir  work  down  to  R.  L.  572,  t.«.,  not  to  build  the  three-foot  of  Weir 
wall  as  before  arranged  to  do,  and  to  cut  off  the  curtain  wells  at  572 
instead  of  leaving  them  at  575.  The  immediate  effect  of  this  was  nnfor- 
tunate.  The  floor  of  the  Weir  Sluices  is  also  at  R.  L.  572*  Conse- 
quently there  was  no  draw  towards  the  Sluices,  such  as  would  have  been 
caused  bj  the  3  feet  difference  of  level,  and  after  the  floods  there  was  no 
stream  at  all  through  them ;  when  they  ought  to  have  been  carrying  the 
whole  of  the  cold  weather  supply.  Instead  of  that  it  passed  over  the 
Weir.  The  Weir  Sluices  were  in  fact  useless  during  the  working  season 
of  1876-77  and  a  tedious  and  expensive  diversion  of  the  river,  occupying 
26  days,  was  rendered  necessary  to  move  the  stream  from  one  part  of  the 
Weir  to  another. 

The  talus  of  the  Weir  Proper  was  laid  this  season  to  a  width  of  60 
feet  only.  Its  average  depth  was  3^  feet.  A  temporary  apron  was  laid  on 
the  up-stream  side  of  the  twenty- foot  wells  to  protect  them  against  any 
scour  on  the  up-stream  side.  It  was  25  feet  wide  and  2^  deep.  The 
sand  had  therefore  to  be  cleared  out  down.to  R.  L.  569'5.  Three  steam 
pumps  were  at  work  for  three  weeks  to  effect  this. 

The  rains  of  1876  did  not  begin  at  Narora  until  12th  July,  but  the 
river  rose  in  June  to  about  the  average  height  due  to  the  melting  of  the 
snows. 

The  main  stream  of  the  river  continued  where  it  had  been*  before  the 
closure,  namely  on  the  left  bank.  Previous  to  the  floods  the  cuts  shown 
in  the  diagram  in  Plate  XV.  had  been  made,  to  conduct  the  water  to 
the  left  part  of  the  Weir.  The  set  of  the  river  greatly  assisted  the  action 
of  these  cuts.  Men  were  employed  to  loosen  their  banks,  and  by  the  end 
of  the  floods  the  ground  on  either  side  of  the  Weir  was  washed  away  over 
a  length  of  1600  feet,  measured  along  the  Weir. 

In  October  the  main  stream  of  the  river  flowed  over  the  finished  part  of 
the  Weir,  passing  about  300  feet  from  the  Left  Wing.  The  width  of  the 
stream  was  400  feet  The  rest  of  the  Weir  and  the  floor  of  the  Weir 
Sluices  were  covered  by  a  sand  bank  which  rose  in  some  places  to  R.  L. 
584,  or  12  feet  deep  on  the  work.  With  this  mass  of  sand  in  the  way  and 
no  advantage  in  the  levels  of  the  floor  to  help  the  diversion,  it  was  con- 
sidered hopeless  to  divert  the  stream  to  the  Wdr  Sluices.  The  plan 
of  operations  for  the  season  therefore  was  to  leave  the  river  untouched 
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while  a  part  of  the  Weir  (chains  20  to  26)  600  feet  in  extent  was 

completed  and  the  Weir  Wall  boilt  ap  to  R.  L.  576. 

Season,  1876-77.     «,    V,      ,.      .  .,       ,  .„►  , 

Then  to  dirert  the  stream  Westward  over  this  por- 
tion and  then  raise  the  wall  where  the  stream  had  preyionsly  been 
flowing. 

The  work  to  be  done  on  the  Weir  was  to  complete  the  front  line  of 
blocks  (o?er  a  distance  of  1500  feet)  with  their  cross  blocks  and  to  finish 
the  whole  floor.  There  was  a  length  of  about  2200  feet  remaining  to  be 
concreted,  about  2800  to  receive  brickwork  and  ashlar  floor.  Also  to 
build  the  Weir  wall  4  feet  high,  or  up  to  R.  L.  576  ;  to  add  to  the  talus 
and  form  the  apron.  The  programme  seemed  easy  and  had  the  Weir 
SInices  been  working  would  probably  ha?e  proved  so,  in  spite  of  the  heavy 
rain  and  most  unusual  floods  which  characterised  the  season. 

The  Left  Wing  wall  wells  were  finished  during  the  rains  of  1876.  In 
October  the  superstruetnre  was  begun  and  it  was  built  up  to  full  height, 
except  the  coping,  by  the  early  part  of  January  1877. 

The  Riyer  Wall  was  brought  up  to  coping  level  during  the  rains. 

The  Canal  Head  was  brought  up  to  roadway  leyel  by  July.  Dur* 
ing  the  season  of  1876-77  the  parapet  and  Cast-Iron  grooves  were 
added. 

Weir  5/tfice«.— Work  on  the  superstructure  was  suspended  in  April 
1876,  in  consequence  of  some  modification  to  the  original  design.  It  was 
not  resumed  until  December  1876  and  the  lower  story  was  completed  in 
March  1877.  The  upper  story  and  terminal  towers  were  approaching 
completion  when  the  writer  visited  the  works  in  July  1877. 

Lock. — Orders  to  begin  the  Lock  were  received  at  the  end  of  Novem- 
ber 1876.  The  foundation  blocks  were  built  and  sunk  during  the  earlier 
part  of  the  season  of  1876-77,  and  by  July  the  superstructure  was 
finished  except  coping. 

Weir  Proper.^-The  commencement  of  block  sinking  was  somewhat 
delayed  by  the  mass  of  sand  which  had  to  be  excavated,  and  by  the  block- 
kankar  temporary  apron  which  had  to  be  removed  before  kerbs  could  be 
laid.  Block  building  was  begun  on  18th  November.  On  the  16th  January 
the  concreting  work  on  the  floor  was  resumed.  By  the  end  of  February 
all  the  blocks  required  to  complete  the  Weir  had  been  sunk  and  hearted 
with  concrete  and  the  whole  of  the  floor  concrete  put  in.  There  only  re^ 
mained  to  put  the  brickwork  and  ashlar  on  part  of  the  work  and  to 
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build  the  Weir  wall.    It  was  decided  to  make  the  wall  in  this  season 

4  feet  9  inches  high  at  the  Left  Wing  and  4  feet  only 
on  the  right  reducing  the  height  gradually  from  left  to 
right.     This  was  done  to  bring  the  stream  in  the  floods  back  to  the  Weir 
Sluices. 

On  the  completion  of  chains  19  to  27  of  the  Weir  (measoring^  from 
the  right)  a  trestle  bridge  400  feet  long  was  pat  up  and  the  diversion 
of  the  river  orer  this  finished  part  of  the  work  begun.    It  took  26  days 
to  effect  this  dirersion,  from  19th  February  to  6th  March.    A  brid^e-of- 
boats  was  laid  across  the  stream  on  the  np-stream  side  of  the  Weir.     The 
kankar  was  carried  from  the  bridge  and  laid  by  hand  on  the  ashlar 
floor.    It  thus  took  a  good  deal  longer  to  place  the  kankar  than  in  1876 
when  it  had  only  to  be  dropped   o?erboard  from  wagons  standings  on 
the  pile  bridge.     Moreover  there  was  (owing  to  the  extraordinary  rains) 
more  than  four  times  as  much  water  in  the  river  this  year  than  at  the 
same  time  last  season,  and  in  addition  the  stream  had  to  be  forced  over  a 
bed  the  bottom  of  which  (at  the  Weir  wall)  was  4  feet  higher  than  the 
one  it  was  to  leave. 

Just  after  the. diversion  was  begun,  one  of  the  floods  which  were  fre- 
quent in  this  season  came  down,  stopped  the  work,  and  damaged  some 
of  the  bands  formed  to  protect  those  parts  of  the  Weir  where  work  was 
still  in  progress.  Previously  to  this,  on  8th  February,  a  12  horse-power 
engine  was  washed  away  by  the  breaking  of  a  band  near  the  Left  Wing 
and  remained  in  the  river  for  a  fortnight  before  it  could  be  recovered. 
Fortunately  it  was  found  to  have  sustained  no  serious  injury.  The  season 
was  generally  unfavourable  for  the  native  workmen,  who  collapse  with  cold 
and  are  unable  to  work  in  wind  or  rain. 

When  th^  diversion  was  complete  the  Weir  wall  was  built  on  the  part 
left  dry.  By  the  1st  April  the  ashlar  floor  was  finished  from  bank  to 
bank,  as  well  as  the  wall  up  to  the  height  intended. 

The  up-stream  apron  was  formed  by  putting  in  the  clay  paddle,  as  shown 
in  the  Section  Plate  VIII.  and  covering  it  with  2  feet  of  kankar  pitch- 
ing, which  brought  it  to  the  height  required  for  this  season. 

The  talus  was  laid  to  a  width  of  100  feet  and  formed  in  accordance  with 
the  section  on  Plate  YIII.  The  continnous  concrete  wall  shown  in  Plates 
VII.  and  VIII.  was  put  in,  and  the  top  of  the  slope,  between  it  and  the 
edge  of  the  floor,  was  covered  with  specially  large  blocks  of  kankar  set 
in  rough  mortar. 
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Owing  to  the  fact  of  the  cold  weather  stream  flowing  over  the  Weir  in 
this  season,  instead  of  through  the  Weir  Sluices  as  it  should  have  done, 
a  good  deal  of  extra  work  was  necessary  to  maintain  communication 
across  the  river.  When  the  works  were  first  opened  for  Ihe  season  there 
was  a  small  side  stream  passing  the  Sluices.  A  short  length  of  pile- 
bridge  was  put  up  to  pass  this,  as  the  trestle  bridge  had  been  remored 
from  the  Weir  Sluices. 

Then  the  main  pile-bridge  had  to  be  put  up  over  the  stream  near  the 
left  bank,  and  finally,  when  the  diversion  was  to  be  made,  the  trestle 
bridge  of  last  year  had  to  be  set  up  on  the  talus  on  that  part  of  the  Weir 
to  which  the  stream  was  to  be  diverted. 

The  end  of  this  working  season  thus  saw  the  works  practically  complet- 
ed. On  the  Weir  Proper  there  remained  only  to  raise  the  wall  to  its  full 
height,  an  operation  which  can  be  performed  in  the  cold  weather  without 
difficulty,  as  the  Weir  Sluices  will  then  pass  the  entire  supply  of  the 
river.  The  apron  would  be  added  to  by  merely  throwing  in  kankar  so 
as  to  bring  the  slope  up  to  the  top  of  the  wall  after  the  latter  had 
been  raised.  The  talus  would  require  addition  to  bring  it  up  to  the  full 
section  as  well  as  some  repairs  to  make  good  the  effect  of  scour  during 
floods. 

As  regards  the  masonry  works  they  were  very  nearly  complete.  What 
remained  to  be  done  could  be  carried  on  leisurely  during  the  rains,  a  very 
favourable  time  for  building  superstructure,  the  work  being  now  far  above 
the  level  of  the  highest  floods. 

The  wrought-iron  gates  for  the  Weir  Sluices  and  the  Canal  Head  were 
prepared  in  the  Narora  Workshops  during  this  season.  An  experimental 
gate  was  first  made  and  taken  to  Dhananri  on  the  Ganges  Canal  for  trial. 
The  escape  dam  on  the  Ratmu  offered  the  means  of  imitating  exactly  the 
conditions  at  Narora  and  the  gates  were  fitted  and  tried  there  very  satisfac- 
torily, only  a  few  trifling  alterations  being  found  necessary.  Great  care 
was  taken  in  designing  these  gates  to  provide  against  their  being  set 
fast  by  silt  lodging  in  front  of  them. 

Friction  rollers  are  placed  at  the  back  of  the  gates  and  the  principle 
of  an  ''inclined  face"  applied  to  diminish  the  effort  required  to  open 
them. 
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APPENDIX. 

Table  of  quantities  of  some  of  the  principal  items  of  Estimate ;  taken  from 
Revised  Estimates  Part  III.  of  Lower  Ganges  Canal  Project- 


Hum  of  Work. 

Earthwork. 

CoBonta. 

Briokwork. 

▲diUv. 

BkKdc  kankar. 

Left  Wing  Wall, 

291;200 

48,598 

96,211 

2,022 

•'  ^-40,500 

Weir  Proper,    . . 

14,016,000 

794,967 

1,286,557 

185,606 

1,900,17:? 

•2,000,000 

164.587 

•  • 

•  • 

{495,100 

WeirSlnioea,    .. 

2,592,500 

358,786 

626,649 

92,197 

476,880 

•  • 

• . 

•  • 

a  • 

±832,000 

Canal  Head 

1,130,200 

84,817 

198,119 

22,442 

90,884 

•120,000 

•  • 

•  • 

•  • 

J  150,000 

Lock • 

886,400 

67,853 

178,660 
2,336,196 

528 

•  m 

Totals,   .. 

21,036,800 

1,399,607 

802,796 

8,495,596 

*  Clearing  Wells,    f  D17  Concrete,    t  Protective  Works. 
Cost  of  the  Weir  and  Head  Works  aboat  Rs.  88,00,000. 


[I  wish  to  acknowledge  my  obligations  to  Lieat.*Col.  H.  A.  Brownlow,  late  Offg. 
Secy,  for  Irrigation  to  Oovenunent  N.  W.  Provinces,  for  kindly  famishing  me  with 
copies  of  Proceedings  of  Government  N.  W.  Provinces  and  other  printed  papers  re- 
lating to  the  subject  of  this  Paper.  Also  to  Major  W.  Jeffreys  and  Capt  J.  H. 
Western  for  information  relating  to  the  progress  of  the  works  since  I  resigned  the 
charg!e  of  them  and  for  their  kindness  in  furnishing  me  with  Plana.] 


H.  H.  J. 


Chatham, 

21th  Marchy  1878. 
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No.  CCLXXIV. 

ON    A    METHOD    OF    LOADING    OR  UNLOADING    A 

TRAIN  WHEN  IN  MOTION. 

[Fuf«  Plate.] 


Bt  Capt.  W.  Sedgwick^  R.E.|  Tempy.  D^y.  Consulting  Engineer. 


The  object  of  this  Paper  is  to  explain  a  proposed  method  of  commnni- 
cating  with  trains  in  motion  so  as  to  enable  a  through  train  to  pick  np  or 
drop  from  time  to  time  at  points  along. its  ronto  passengers  or  consign- 
ments of  goods  without  stopping. 

In  railway  travelling  about  one-third  of  the  whole  time  spent  in  a  journey 
is  ordinarily  lost  in  stopping*  at  intermediate  stations. 

A  small  number  of  stoppages  in  long  journeys  are  obligatory,  for  example 
—at  engine  changing  stations  on  all  railways  and  at  stations  whore  other 
trains  have  to  be  crossed  on  railways  with  single  lines.  However  an 
allowance  of  one-twolth  of  the  time  spent  in  running  would  bo  ample  to 
cover  all  time  necessarily  lost  by  unavoidable  stoppages  and  by  reduction 
of  speed  in  passing  through  stations  at  which  no  stoppage  is  made. 
Hence  if  a  through  train  could  drop  or  pick  up  passengers  and  consignments 
of  goods  at  intermediate  stations  without  stopping  and  thus  perform  its 
journey  without  stopping  except  at  engine  changing  stations  or  crossing 
stations,  not  only  would  the  carrying  power  of  railways  be  increased  by 
one-third  but  also  the  consumption  of  fuel  would  be  reduced  by  about  one- 
fourth,  the  same  amount  of  trafiSc  could  be  earned  with  a  much  smaller 
amount  of  rolling  stock,  and  the  wear  and  tear  of  the  rolling  stock  would 
be  greatly  diminished  because  the  rolling  stock  would  be  saved  from  most 
of  the  blows  and  strains  to  which  it  is  now  subjected  whenever  trains  are 

*  In  tlint  lost  in  itoppiiig,  miut  be  iDclnded  the  time  loit  by  dnckoDing  speed  before  the  tndn 
flctoaUy  stops  and  bIso  after  tbe  train  starts  again  the  time  lost  before  fnll  speed  is  r^^ained,  in 
addition  to  the  time  lost  by  aetnal  detention  at  the  station. 
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started  or  stopped  :  and  thus  both  the  daration  of  all  joamejs  and  the 
fares  charged  for  them  could  be  redaced  by  folly  one-fourth.  The  snbjeet 
is  therefore  one  of  no  small  importance  to  the  public  as  well  as  to  Rail- 
way Companies. 

Now,  it  is  quite  plain  that  if  two  trains  were  running  side  by  side  on 
two  parallel  lines  of  rails  at  the  same  speed  and  in  the  same  direction,  and 
if  a  hinged  platform  were  let  down  from  one  of  the  trains  on  to  the  other, 
so  as  to  bridge  the  space  between  them,  passengers  in  any  number  eonid 
be  transferred  from  one  train  to  the  other  without  any  necessity  for  stop- 
ping the  trains.  For  they  could  step  across  from  one  train  into  the  other 
as  easily  as  they  can  move  from  one  side  of  a  carriage  to  the  other  when 
a  tridn  is  in  motion.  Similarly,  the  passengers'  luggage  and  any  consign- 
ments of  goods,  if  loaded  before  hand  on  trucks  with  wheels,  could  in 
like  manner  in  a  few  seconds  be  transferred  from  one  tnun  to  the  other. 

If  therefore  a  second  line  of  rails  or  a  siding  were  laid  down  alongside 
of  the  main  line  for  a  short  distance  at  points  where  through  trains  were 
required  to  drop  and  pick  up  passengers,  and  if  trains  of  two  or  three 
carriages  or  wagons,  or,  as  we  may  call  them,  station  trains,  were  run  oat 
from  these  points  alongside  of  the  through  trains,  for  a  short  distance,  as 
they  passed,  the  through  trains  would  be  able  to  drop  and  pick  up  pas- 
sengers without  stopping.  The  station  trains  would  of  course  carry  oot 
to  the  through  trains  the  "  outwards "  and  bring  back  the  *^  inwards  '* 
passengers  and  goods. 

To  work  the  station  trains  by  steam  power  would  doubtless  be  a  yery 
expensiy e  arrangement.  Howeyer  steam  power  will  not  be  required  if  the 
ends  of  the  siding  laid  down  for  the  station  trains  are  curyed  outwards 
until  thay  are  clear  of  the  roadway  of  the  main  line  and  then  carried  up 
inclines  with  sufiScient  fall.  For  then  a  station  triun  in  descending  the 
incline,  at  the  end  of  the  siding  nearest  to  an  approaching  through  train, 
will  acquire,  by  grayity,  sufficient  yelocity  to  lay  itself  alongside  of  tbe 
through  train  when  it  reaches  the  siding  with  a  slightly  reduced  speed. 
When  the  two  trains  are  fairly  alongside  of  another  and  going  at  the  same 
speed  the  station  train  can  be  made  fast  to  the  through  train  and  then  if 
the  through  train  goes  ahead  at  fall  speed  it  will  take  the  station  train 
to  the  other  end  of  the  siding  and  leaye  it  with  sufficient  way  on  to  be 
able  to  run  by  itself  up  to  the  top  of  the  incline.  There,  when  un- 
loaded, it  will  be  ready  to  take  another  load  out  and  to  serye  the  next 
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train  in  the  opposite  direction  in  the  same  way  as  it  served  the  first  train. 
When  two  trains  follow  each  other  from  the  same  direction  without  any 
intermediate  train  from  the  opposite  direction  it  will  be  necessary  either 
to  have  two  station  trains  which  can  be  worked  either  together  or  sepa- 
rately or  to  run  the  one  train  back  by  gravity  to  the  other  end  of  the 
sidmg  and  hand-shnnt  it  np  the  incline  before  the  second  through  train 
arrives. 

The  outlines  of  the  scheme  having  been  thus  expluned  we  may  proceed 
to  discuss  the  details. 

A  body  in  vacuo  whether  falling  vertically  or  descending  an  inclined 
plane  without  friction  acquires  a 
velocity  =  ^2gk 
where  g  =  82-2 

and  h     =:  the  vertical  height  through  which  the  body  desceudg 

whether  falling  freely  or  descending  an  inclined 
plane  without  friction. 

Hence  if  a  train  were  to  descend  in  vacuo  without  friction  an.  incline 
with  a  fall  of  one  foot  it  would  have  acquired  on  reaching  the  bottom,  a 
velocity  of  about  8  feet  per  second,  equivalent  to  5^  nules  per  hour ;  also 
if  it  descends  an  incline  with  a  fall  of  4  feet  it  will  acquire  a  velocity  of 
about  16  feet  per  second,  equivalent  to  1 1  miles  per  hour ;  similarly,  if  it 
descends  an  incline  with  a  fall  of  8  feet  it  will  acquire  a  velocity  of  about 
22*7  feet  per  second,  equivalent  to  15^  miles- per  hour.    And  so  on. 

Now,  though  the  actual  velocity  acquired  by  a  train  descending  an  incline 
with  friction  and  exposed  to  the  resistance  of  the  wind  will  be  far  short 
of  the  theoretical  velocity  in  vacuo  without  friction,  still  making  full 
allowance  for  the  resistances  of  wind,  friction,  curves  and  inequaUtiea 
in  the  road,  &c.,  it  is  plain  that  banks  of  very  moderate  height  will  give 
inclines  with  enough  of  fall  to  give  station  truns,  when  descending  them> 
sufficient  velocity  for  all  practical  purposes,  more  espedally  on  Indian 
Bailways  where  the  speed  seldom  exceeds  thirty  miles  an  hour  and  is  reduced 
at  stations  owing  to  the  lines  being  generally  single  and  to  the  consequent 
employment  of  facing  pomts,  to  five  miles  per  hour. 

With  regard  to  the  length  of  siding  required  for  the  station  train.  If 
we  assume  that  the  speed  of  the  through  train,  at  the  point  where  the 
station  train  comes  alongside  of  it,  is  five  miles  an  hour  and  at  the  point 
where  the  station  train  is  cast  ofi"  is  twenty  miles  an  hour,  then  the  aver- 
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ftge  speed  daring  the  time  the  two  trains  are  alongside  of  one  another 
would  be  about  twelve  miles  an  hour. 

When  the  trains  are  alongside  of  one  another  the  passengers,  whe- 
ther leaving  the  through  train  or  joining  it,  will  have  merely  to  step 
across  from  one  train  into  the  other,  the  purchase  and  examination  of 
tickets,  search  for  places,  arrangements  for  refreshments,  &c.,  being  made 
at  leisure  upon  the  through  train.  Also  all  luggage  and  consignments 
of  goods  to  be  transferred  from  one  train  to  the  other  will  be  arranged 
before  the  station  train  comes  alongside,  on  trucks  with  wheels,  which 
will  merely  have  to  be  run  across  from  one  train  to  the  other,  the  exami- 
nation, labelling,  weighing  and  stowing  being  all  done  upon  the  through 
train  at  leisure.  It  will  therefore  only  be  actually  necessary  for  the  station 
train  to  be  alongside  of  the  through  train  for  a  few  seconds.  Snpposiiig 
that  two  minutes  were  the  time  allowed  for  the  trains  to  be  alongside  of 
one  another  as  a  maximum  under  any  circumstances,  the  length  of  siding 
required  would  then  be  2000  feet  or  about  the  same  length  as  is  now  al- 
lowed for  station  sidings  on  broad  gauge  lines.  Two  thousand  feet  of 
siding  would,  under  ordinary  circumstances,  probably  be  amply  sufficient 
even  if  the  through  trun  were  to  run  past  the  siding  at  an  average  speed 
of  twenty  miles  an  hour. 

The  Plate  shows  the  proposed  arrangements  for  woiidng  on  a  rttlway 
with  a  single  line  of  rails.  As  has  been  already  explained,  the  speed 
of  a  train,  on  such  a  line,  when  passing  through  the  facing  points  of  a 
station  siding,  must  not  by  regulation  exceed  five  miles  per  hour.  The 
facing  points  are  always  at  the  end  of  a  station  siding  nearest  to  an  ap* 
proaching  tndn.  It  will  be  noticed  that  the  ends  of  the  station  siding 
are  curved  outwards  from  the  points,  for  a  length  of  200  feet  by  curves 
to  a  radius  of  1500  feet  so  as  to  dear  the  roadway  of  the  main  line,  they 
are  then  run  straight  and  carried  for  a  length  of  about  125  feet  up  in* 
ctines  of  1  in  25.  After  passing  the  inclines  the  ends  of  the  siding  are 
carried  on  a  level  to  the  waiting  sheds  and  goods'  sheds.  For  these,  small 
buildings  will  ordinarily  be  erected  at  both  ends  of  the  siding.  At  large 
stations  however  and  generally  at  all  places  where  the  fact  of  the  arrival 
and  departure  platforms  being  about  half  a  mile  distant  from  each  other 
would  cause  inconvenience,  the  ends  of  the  siding  would  be  curved  inwards 
beyond  the  inclines  so  as  nearly  to  meet  and  in  such  case  one  waiting  shed 
and  goods  shed  only  would  be  provided. 

282 


MBTHOD   OF   LOADING  OB  UNLOADIHO  A  TBAIH  WBBH   IN  NOTION.      5 

In  the  fore-p«rt  of  each  of  the  through  trains,  t.  e.,  immediately  behind 
the  tender  of  the  engine  two  or  more  platform  wagons  are  provided  (tnde 
Fig.  8).  These  platform  wagons  have  sides  about  4  feet  high  and  wells 
between  the  wheels ;  they  are  roofed  over  with  flat  roofs  and  the  tops 
enclosed  with  posts  and  swing  ndls,  so  as  to  enable  passengers  to  pass 
across  them  into  the  carriages  in  safety.  Hatches  are  provided  in  the  roofs 
of  these  platform  wagons,  so  as  to  enable  heavy  baggage  and  consignments 
of  goods  to  be  stowed  away  in  them  or  got  ont  from  them  when  necessary. 
During  the  hot  season  and  in  the  rains  the  platform  wagons  are  provided 
witli  temporary  roofs. 

The  carriages  will  have  end  openings  and  will  be  connected  together  by 
bridges  so  that  passengers  can  pass  from  one  end  of  the  train  to  the  other. 
Where  end  openings  are  not  practicable  platforms  miming  outside  of 
the  carriages  on  brackets  will  have  to  be  provided ;  the  ends  of  these 
platforms  would  be  connected  by  bridges.  The  front  carriage  of  each 
train  would  be  reserved  for  an  ofBce  where  tickets  would  be  obtained  and 
luggage  weighed  and  labelled.  Refreshment  and  ablution  carriages  for 
all  classes  would  accompany  each  train,  making  a  long  journey. 

Station  trains  would  be  composed  of  platform  wagons  similar  to  those 
on  the  through  trains,  they  would  however  be  covered  in  on  three  sides  and 
provided  with  powerful  brakes. 

The  station  trains  would  be  worked  in  the  following  way :— A  short 
time  before  the  arrival  of  a  through  train  was  expected  ail  passengers 
wishing  to  travel  by  it  would  be  got  on  to  the  station  train  at  the  end  of 
the  siding  nearest  to  the  approaching  through  train  and  at  the  same  time 
the  passengers'  luggage  and  any  outwards  parcels  or  consignments  of  goods 
for  the  through  train  would  be  piled  on  trucks  with  wheels  at  one  end  of  the 
station  trun.  As  soon  as  the  station  train  b  loaded  it  will  be  hand-shunt- 
ed out  to  the  nearest  incline  and  the  wheels  there  scotched.  The  station 
train  must  be  run  right  out  on  to  the  incline  so  that  it  may  start  off,  by 
grarity,  directly  the  scotches  are  knocked  away  from  the  wheels.  When 
there  is  a  strong  head  wind  the  train  must  be  started  from  the  top  of  the 
incline  but  when  the  wind  is  aft  it  can  be  started  half  way  or  even  fur- 
ther down  the  incline. 

Ad  soon  as  the  through  train  arrives  at  a  point,  previously  determined 
by  experiment  and  marked  by  a  large  disc  by  day  and  by  a  light  by  night, 
the  scotches  will  be  knocked  away  from  the  wheelt>  of  the  station  train, 
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and  the  station  train  will  descend  the  incline  by  gravity  and  acqoiro  iniic 
descent  sufficient  velocity  to  be  able  to  ran  along  side  of  the  ihrongfa  taia 
as  it  reaches  the  siding  with  speed  slackened  to  the  speed  fixed  by  regu- 
lation for  a  trun  when  passing  through  facing  points.     When  the  speei 
of  the  station  train  is  greater  than  that  of  the  through  train  the  gnnd 
of  the  station  train  reduces  the  speed  of  his  train  by  using  the  brake. 
As  soon  as  the  station  trun  b  along  side  of  the  platform  wagons  of  the 
through  train,  and  the  trains  are  going  at  an  uniform  speed,  the  guard  d 
the  station  train  makes  his  trun  fast  to  the  through  train  and  lowers  a 
platform'so  as  to  connect  the  two  trains  and  hands  the  guard  of  the  through 
tram^the  necessary  line  clear  report  for  his  onward  journey.    The  passengen 
who  are  leaving  or  joining  the  through  train  step  across  from  one  train  on 
to  the  other  and  the  trucks  of  luggage  and  goods  previously  loaded  are 
wheeled  across  from  one  tram  to  the  other.    The  driver  of  the  through 
train,  as  soon  as  he  has  satisfied  himself  that  there  will  be  no  hitch,  goes 
ahead  at  full  speed  and  the  guard  of  the  station  train  when  his  train 
approaches  the  end  of  the  siding  casts  off  the  lashing  connecting  his  train 
with  the  through  train  and  allows  his  train  to  run  up  the  incline  at  the 
end  of  the  siding,  where  he  then  unloads  it. 

Water  and  fuel  can  be  supplied  to  the  locomotives  of  the  through  tnuns 
by  water  tanks*  and  fuel  boxes  on  wheels  run  out  and  taken  off  from  time 
to  time  by  the  station  truns,  in  the  same  way  as  loads  of  luggage  or  goods 
are  brought  out  or  taken  off  on  tracks  with  wheels  by  the  station  trains. 
Self-acting  lubricating  arrangements  must  be  supplied  to  all  parts  of 
the  machinery  of  locomotives :  the  tires  of  wheels  will  be  examined  from 
time  to  tune  at  engine  changing  stations. 

The  condition  of  the  wheels  could  be  examined  periodically  and  oil  coold 
be  supplied  when  necessary  to  the  axle  boxes  if  a  platform  were  provided 
for  the  purpose  outside  the  carriages  rnnnmg  the  whole  length  of  the 
train  on  either  side.  If  the  carriages  had  side  doors  and  access  to  them 
were  obtained  by  outside  platforms,  in  the  manner  already  described,  ad- 
ditional platforms,  for  examining  the  wheels,  would  not  be  required.  In 
case  of  a  train  bemg  full  the  guard  of  the  station  train  of  the  pre- 
vious station  would  announce  the  fact  by  telegraph  to  the  next  station  so 
as  to  prevent  passengers  being  embarked  on  the  station  train. 
In  conclusion,  it  may  be  pointed  out  that  in  addition  to  saving  time  snd 

*  Tho  wftter  Unki  il  neoentiy  can  be  fixed  to  the  puttom  wiffOOB  of  ttaticn  tniofl  ml  water 
ran  from  tbom  by  a  how  into  the  teaden  of  the  locomotiTCB. 
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expense  in  working,  the  adoption  of  an  arrangement  of  this  Bortwonld 

add  greatly  to  the  comfort  of  all  classes  of  travellers ;  it  would  enable 

Beate  to  be  paid  for  and  laggage  to  be  weighed  and  labelled  at  leisure ;  it 

wonl4  enable  passengers  to  choose  their  own  company;  it  wonld  enable 

arrangements  to  be  made  by  which  passengers  of  all  classes  conid  get 

their  meals  and  be  able  to  wash  and  dress  themsdree  in  comfort,  it  wonld  do 

away  with  the  necessity  for  the  frequent  examination  of  tickets,  and  lastly, 

it  will  enable  the  number  of  places,  along  a  line,  where  passengers  can  be 

dropped  or  picked  up  to  be  increased  indefinitely  without  causing  any 

appreciable  delay.    For  if  the  inclines  of  the  sidings  were  given  sufiScient 

fall,  as  ihey  easily  might  be,  to  impart  a  speed  of  twelve  or  fifteen  miles 

an  hoar  to  the  station  trains  and  if  no  points  and  crossings  were  put  in 

(they  would  only  be  required  at  crossing  stations)  the  through  trains,  in 

running  past  the  stations,  wonld  only  require  to  slacken  speed  sufficiently 

to  pick  np  the  station  trains* 

It  wonld  doubtless  take  guards  some  little  time  in  getting  accustomed 
to  working  station  trains  in  the  manner  proposed,  but  there  could  hardly 
be  any  real  difficulty  more  especially  if  they  had  to  deal  at  first  with  trains 
going  at  five  miles  an  hour  only.  It  any  hitch  were  to  occur  the  driver 
of  the  through  train  could  bring  his  train  to  a  stand  and  drop  and  pick 
up  passengers  in  the  ordinary  way. 

The  adoption  of  this  method  of  working  small  stations  would  not  pre- 
vent trwis  from  stopping  when  necessary  at  large  stations. 

It  may  sometimes  be  necessary,  in  order  to  avoid  the  introduction  of 
facing  points  in  the  station  siding,  to  have  the  station  siding,  altogether 
clear  of  the  crossing  siding.  To  effect  this  the  station  siding  will  be  laid 
without  any  points  and  crossings  and  the  crossing  siding  will  be  put  in  on 
the  opposite  side  of  the  main  line. 

To  guard  agidnst  the  possibility  of  accidents  arismg  from  the  use  of 
lashing  to  connect  the  station  train  with  the  through  train,  from  neglect, 
on  the  part  of  the  guard  of  the  station  train,  to  cast  the  lashing  off  when 
the  station  train  gets  near  the  end  of  the  siding;  the  following  way  of 
connecting  the  tndns  can  be  employed :— Stout  catches  are  hinged  on  to 
points  on  the  platform  wagons  of  the  station  train  and  when  the  station 
train  comes  alongside  of  the  through  train  these  catches  are  dropped  be- 
tween two  light  spring  buffers  fixed  at  corresponding  points  on  the  side  of 
the  platform  wagons  of  the  through  train.    As  long  as  the  station  train 
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rnns  on  the  portion  of  the  siding  where  the  line  is  parallel  to  the  msi 
line  the  catches  bear  against  the  buffers  on  the  platform  wagons  of  ^ 
throngh  train  and  the  station  train  is  carried  along  by  tho  through  tniiL 
Bat  when  tho  station  train  reaches  the  cnrve  at  the  end  of  thr 
siding  the  divergence  of  the  trun  draws  oat  the  catches  from  betnees 
the  buffers  and  the  trains  separate. 

It  should  be  remarked  finally  that  the  object  of  this  proposal  is  to  en- 
able Indian  Railways  more  fcdly  to  meet  the  wants  of  the  Indian  Pofalic. 
In  India  eyen  in  the  most  densely  populated  districts  the  popnlatioa  b 
scattered  in  villages  and  not  collected  as  a  rule  in  large  towns.  Cense* 
quently  to  serve  any  district  properly  a  railway  must  have  stations  at 
very  short  intervals. 

But  on  the  other  hand,  each  stoppage  must  cause  a  considerable  redac- 
tion in  through  speed.  And  it  is  impossible  to  make  up  for  loss  of  tiBW 
from  stoppages  by  quick  running  between  stations,  because  quick  nmniiig 
is  inoompati|}le  with  cheap  working,  and  cheap  fares  are  an  absolute  neces- 
sity in  a  poor  country  such  as  India  is.  Hence,  unless  some  arrangement 
of  the  sort  proposed  is  introduced,  the  number  of  stations  on  lines  d 
railway  must  be  limited,  and  the  country  continue  as  at  present  to  be  in- 
differently served. 

W.  8. 

6th  February,  1878. 
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THE  EKRUK  TANK. 


Communicated  by  Chief  Engineer  for  Irrigation  Bombay. 


DtUed  Poana,  SOTA  Feh^  1878. 

This  work,  sitaated  aboat  5  miles  north-east  of  the  town  of  ShoUpur, 
18  one  of  the  largest  of  its  class  nndertaken  by  Qoyemment  in  this  Pre- 
sidency. The  site  was  selected  by  Golonel  Fife,  R^E.,  in  1868,  and  the 
scheme,  as  drawn  np  by  him,  was  submitted  for  the  sanction  of  the  Got- 
emment  of  India  in  1866.    The  work  was  commenced  in  1866-67. 

The  tank  or  reseryoir  is  formed  by  a  dam  7,000  feet  in  length,  and  76 
feet  in  maximum  height,  thrown  across  the  valley  of  the  Adhila  River, 
a  tributary  of  the  Sina,  at  a  point  above  which  the  catchment  area  is  160 
square  miles.  The  level  of  full  supply  is  16  feet  below  the  top  of  the 
dam.  The  escape  of  flood-waters  after  the  filling  of  the  tank  is  provided 
for  by  waste  weirs  excavated  at  each  end  of  the  dam.  That  on  the  right 
bank  is  300  feet  long,  and  its  crest  is  at  the  level  3  feet  higher  than  that 
of  the  right  bank  weir.  There  are  three  canals  for  irrigation ;  two  take 
ofif  a  level  of  14  feet  below  the  full  supply-level,  in  the  tank,  and  are 
designed  for  four  months  irrigation,  and  the  third  takes  off  39  feet  below 
full  supply-level,  and  is  designed  to  give  a  perennial  discharge. 

The  dam  is  entirely  of  earth.  The  top  width  is  20  feet  in  the  central 
or  highest  portion,  decreasing  towards  the  ends  where  the  head  of  water 
is  less.  The  water  face  has  a  slope  of  8  in  1  below  highest  flood  level ; 
above  that  level  the  slope  is  steepened  and  assumes  the  form  of  a  curve. 
The  back  slope  is  2  in  1.  A  puddle  trench,  15  feet  wide  at  bottom 
and  varying  in  depth  from  8  to  20  feet,  is  provided  along  the  centre 
line  to  cut  off  leakage  under  the  dam,  but  there  is  no  puddle  wall,  the 
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whole  of  the  material  of  the  dam  being  of  good  soil,  laid  in  layers  3  Indas 
in  thickness,  and-watered  and  rammed  or  rolled.  The  dam  kas  a  coating 
of  muram  to  protect  the  slopes  and  top  from  the  weather,  and  the  s)op« 
on  the  water  side  is  pitched  to  protect  it  from  the  warea. 

Where  the  dam  crosses  the  river  and  its  height  is  greatesty  a  seoond 
parallel  pnddle  trench  15  feet  wide  is  added  50  feet  from  the  toe  of  die 
inner  slope  for  greater  security  against  leakage  through  the  sabstrata. 

Both  the  paddle  trenches  are  carried  down  to  an  impeimeable  sin- 
tnm. 

The  dam  was  closed  in  December  1869,  and  the  tank  filled  the  folloir- 
ing  monsoon. 

The  tank,  when  full,  has  an  area  of  7;^  square  miles,  and  eootains 
3,350  millions  of  cnbio  feet. 

The  work  is  designed  principally  for  irrigation,  and  partly  for  water* 
snpply  of  towns. 

In  1872,  a  flood  occurred,  which  rolse  to  within  7  feet  of  the  top  of  the 
dam.  The  maximum  head  of  water  to  which  the  dam  has  been  exposed 
is  thus  69  feet.  The  minimum  and  maximum  head  of  water  each  year^ 
that  is,  the  head  during  greatest  rise,  and  before  the  Grat  replenishment 
at  the  beginnmg  of  the  monsoon,  has  been— 

Ifazlinain  bead,  Xinimmn  head. 

— — A. 

irteit 


1S70 28 56 

2871 88 49 

1872 42 69 

1878 48 68 

1874 44 68 

1876 48 60 

1876 48 66 

1877 87  •       .       ...  69 

The  dam  is  in  excellent  order,  and  haa  neyer  giTen  cause  for  the  least 
uneasiness.  There  is  no  leakage  whaterer,  though,  as  might  be  expeeted, 
there  are  springs  in  the  ground  some  distance  in  rear  of  the  work,  bot 
eren  from  them  the  dischaige  is  slight.  In  February  1878  the  total 
leakage  ganged  below  the  dam  was  0*50  oabic  feet  per  second.  At  this 
time  the  head  of  w«ter  in  the  tank  was  55  feet.  The  discharge  gauged 
comprises  the  whole  of  the  springs  which  are  led  into  the  rirer  by  r^- 
larly  formed  drains. 

These  remarks  are  made  as  introductory  to  the  following  oarNspoa- 
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denctt  relaiiog  to  Uio  conslraclion  of  the  work|  which  is  printed  at  the 
sog]gefition  of  Colonel  Merriman,  as  it  will  prore  of  general  interest  to 
the  I^epartment. 

w.  a  H, 


To — Capt.  Pemy^  B^E.^  Exec.  Engr.  for  Irrgn.,  Sholdpur.  Fbom — 
Lieut.-CoL  J.  O.  Fife,  B.E.,  Chief  Engr.  for  Irrigation.  No.  779 
of  1868. 

IMed  Poona,  IM  ATay,  1968. 

Sir, — Having  made  an  examination  of  tlie  Ekrok  Tank  dam,  I  have 

tho  honour  to  state  the  results,  and  to  make  some  observations  for  future 

guldauce  in  completing  this  very  large,  and  in  some  respects,  difficult  work* 

The  trial  pits  sunk  into  the  dam  earthwork  show  that  the  plan  of  laying 

down  the  material  in  3-inch  layers,  and  rolling  it,  has  prevented  large 

lumps  of  earth  remaining  nnbr9keD,  and  as  far  as  can  be  judged  from 

the  present  depth  of  the  pits  (from  3  to  4  feet),  the  material  at  a  slight 

depth  below  the  surface  is  compact  and  damp.     Near  the  surface,  it  was 

too  dry  to  crush  completely  under  the  roller,  or  to  become  very  compact 

without  moisture.    The  nodules  of  clay  were  very  small  certainly,  but 

-the  extreme  dryness  of  the  weather  has  prevented  them  from  adhering 

to  each  other,  and  though  the  work  is  good  as  far  as  density  goes,  it 

wants  adherence  of  the  particles  of  earth.    When  the  pits  are  sunk  deeper, 

I  request  you  will  report  the  state  of  the  material  below  what  was  exposed 

to  view  to-day. 

The  material  used  for  the  dam  is  very  good,  when  of  a  good  clayey 
nature,  for  checking  leakage,  but  I  think  that  for  the  upper  part  of  the 
dam,  where  it  will  be  exposed  to  the  drying  effect  of  the  air  after  each 
monsoon,  it  should  have  a  larger  admixture  of  sand,  or  small  pebbles,  or 
kankar  nodules,  to  prevent  cracking,  and,  in  completing  the  work,  this 
should  be  borne  in  mind,  and  the  material  used  should  be  either  selected 
or  mixed  with  a  fair  proportion  of  sand  or  pebbles.  In  the  heart  of  the 
band,  the  material  you  are  using  is  excellent.  It  has  a  sufficient  quan- 
tity of  sand  and  kankar  nodules  to  prevent  cracking,  as  it  will  never 
become  thoroughly  dry.  I  mention  these  points,  with  respect  to  the  na- 
ture of  the  material,  that  no  precaution  against  accident,  or  even  slight 
injury  to  the  work,  may  be  overlooked.  I  did  not  observe  any  cracking 
of  the  material  used  for  the  body  of  the  dam  (the  puddle  trench  excepted, 
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vVv4  I  m\{\  pnseDily  notice),  and  I  noticed  that  yon  have  already  coTeied 
iW  ^wpleted  portions  of  the  band  with  a  layer  of  mnram  or  gpravel,  to 
^«v^  t^  material  a  better  consistency  to  bear  the  action  of  the  weather. 
1^  portion  of  the  dam  yet  to  be  completed  ia,  howeyer,  the  central  pari 
wb(4ire  the  height  is  greatest  and  where,  f^om  the  great  mass  of  material 
^(uployed,  there  will  be  more  liability  to  cracking,  and  the  material  shonld 
Iherefore  be  selected  and  laid  down  with  still  greater  care. 

I  now  come  to  the  subject  of  the  puddling.    I  shall  first  speak  of  the 
Material,  and  then  of  its  application  to  the  work.    The  material  hitherto 
used  is,  I  think,  too  pure  a  clay.     More  sand  or  fine  gravel  or  small 
kankar  nodoles  shonld  be  mixed  with  it  to  prevent  cracking.     It  may  be 
said  that  in  the  deeper  parts  of  the  work,  where  the  puddling  is  as  much 
as  28  feet  below  the  natural  surface  of  the  ground,  the  day  cannot  diy, 
and  therefore  cannot  crack,  and  considering  the  difficulty  and  expense 
which  have  been  incurred  in  keeping  the  water  down  in  the  trench,  it  is 
impossible  to  gainsay  this,  but  still  I  think  that  the  material  would  pack 
better  had  it  a  little  more  sand,  and  at  the  same  time  it  would  not  lose 
its  stanching  property  as  a  day.    It  is  not  like  the  clay  which  is  com- 
monly used  in  England  for  puddle.     It  is  more  soluble  in  water,  and 
requires  peculiar  treatment,  as  we  decided  last  August,  when  I  examined 
the  work  with  you.     It  does  not  answer,  as  we  then  saw,  to  use  much 
water  when  ramming  it. 

Two  methods  of  packing  the  puddle  have  been  tried,  one  with  water 
added  to  the  material,  and  the  other  without  any  addition  to  the  moisture 
the  material  possessed  when  excavated  from  the  pits,  and  the  result  at 
the  two  spots  examined  this  morning  was  the  same.  After  remoTing 
about  one  foot  of  the  surface  stuff  which  had  cracked  from  exposure,  the 
material  was  found  free  from  flaws,  and  of  about  the  same  density  in  each 
case.  As  to  the  d^ree  of  moisture  which  will  be  found  most  convenient, 
I  will  record  my  opinion  that  I  think  there  should  be  just  enongh  to  make 
the  material  plastic  under  the  stroke  of  the  rammer.  If  the  material  is 
very  wet,  it  either  adheres  to  the  rammer  or  springs  under  the  blow,  and 
cannot  be  made  so  firm  and  compact  as  when  used  in  a  drier  and  tougher 
condition. 

With  respect  to  the  application  of  the  material,  I  think,  as  I  have  al- 
ready mentioned,  that  a  little  sand  added  to  the  clay  or,  as  you  hare 
yourself  suggested,  a  clay  obtained  from  some  of  the  pits,  which  show 
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a  greater  proportion  of  sand  and  kankar  nodales,  would  be  an  improve- 
ment. I  ihink  yon  would  find  it  easier  to  render  compact,  and  as  the 
puddle  wall  rises  above  the  level  of  the  ground  it  will  not  crack. 

The  trench  you  hare  excavated  across  the  valley,  and  which  is  already 
14  feet  below  the  bed  of  the  stream,  the  lower  11  feet  being  through 
muram  which  at  bottom  of  trench  is  quite  hard,  is  I  consider  quite  deep 
enough,  especially  as  the  water  which  finds  its  way  into  the  trendi  appears 
almost  everywhere  to  issue  from  the  upper  strata,  and  not  from  the  bot- 
tom of  the  trench.  The  trench  should  be  filled  with  puddle  before  the 
monsoon,  and  the  whole  covered  over,  as  you  propose,  with  stone  pitching 
to  prevent  the  scour  removing  any  of  it.  The  pitching  should  be  rather 
below  the  natural  bed  of  the  stream,  and  not  upon  it.  .  While  the  trench 
is  being  filled,  the  pumping  should  be  continued  night  and  day,  that  the 
water  may  be  kept  down,  and  the  material  packed  and  rammed  as  tig;ht 
as  posfflble. 

The  second  parallel  puddle  trench  should  also  be  completed  in  the  same 
manner  before  the  monsoon  if  possible— at  any  rate  the  portions  of  it  in 
the  river  channel  and  branch  channel  should  be  completed.  The  higher 
portions  across  the  island,  and  on  either  bank  of  river,  may  be  done  after 
the  monsoon. 

The  third  parallel  puddle  trench  which  we  contemplated  making  some 
time  back  under  the  rear  slope  of  the  dam  is  not  necessary,  and  may  be 
omitted,  as  the  muram  substratum  has  proved  more  water-tight  than  was 
anticipated,  and  whatever  leakage  does  occur  under  the  first  two  puddle 
trenches  may  be  allowed  to  find  its  way  down  the  river  channel. 

With  respect  to  the  removal  of  sand  from  the  river  bed  under  the 

whole  base  of  the  dam,  which  you  have  been  carrying  on  for  some  time, 

it  will  be  satisfactory  if  you  get  it  done,  and  the  sand  replaced  by  good 

water-tight  material,  before  the  monsoon,  as  at  its  conclusion  you  will  be 

able  to  resume  the  work,  and  finish  the  dam  without  delay ;  but  I  would 

not  excarate  the  sand  anywhere  unless  you  are  sure  of  getting  the  places 

filled  again,  otherwise  the  first  flood  may  bring  down  as  much  sand  as  yon 

remoye,  and  the  first  outlay  will  be  thro?m  away.    I  may  mention  that 

the  sand  and  muram  excavated  in  the  river  bed  may  be  advantageously 

used  for  the  rear  slope  of  the  dam,  and  for  filling  in  the  river  channel 

immediately  below  the  dam.    Some  leakage  there  is  sure  to  be,  and  if 

you  have  an  insoluble  material  to  receive  it,  and  permit  of  its  passage 
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clear  amy  from  the  dam,  the  toe  of  the  rear  slope  will  be  kept  dry,  and 
there  will  be  lees  settlement. 
P.  5.— The  above  letter  has  do  reference  to  the  points  alladed  to  by 
*  *  *  *  *  *  who  is  clearly  not  aware  of  the 
natore  of  the  work  nnder  ezecation  at  the  Ekruk  Tank.  The  mode  of 
oonBtmetion  is  Tory  similar  to  that  saccessfully  practised  by  Mr.  Thorn, 
the  only  difference  being  that  we  have  our  material  ready  mixed  befiMe 
we  lay  it  on  the  dam,  and  for  reasons  of  our  own,  we  have  also  ezcavated 
deep  into  the  moram  snbstratam  to  prevent  underground  leakage  as  moch 
as  possible. 

As  to  the  expression  '<  puddle*'  if  it  be  taken  to  mean  stuff  worked  op 
with  water  till  it  is  in  a  soft  slushy  condition  we  do  not  use  it;  but  if  its 
meaning  be  a  compact  and  impermeable  wall  of  clayed  material  we  cer- 
tainly do  use  it ;  but  instead  of  making  a  thin  wall  abore  the  level  of  the 
ground,  distinct  from  the  body  of  the  dam,  though  carried  up  simultane- 
ously with  it»  we  make  the  whole  body  of  the  dam  of  puddle.  Perhaps, 
taking  the  literal  meaning  of  the  word,  we  do  not  use  puddle,  but  the 
intention  or  object  of  the  puddle  when  made  up  into  a  wall  we  do  fully 
carry  out  by  a  different  mode  of  applying  good  material,  and  a  more 
liberal  use  of  it. 


MsMOBAMDUM.— No.  32A  of  1868. 

Dated  MoMtUtkwar,  HkJume  186& 

On  receipt  of  Memo,  forwarding  the  remarks  of  *  *  •  • 
*  *  on  the  Ekruk  Tank,  I  referred  the  subject  to  Capt.  Penny, 
who  is  in  executive  charge  of  the  works,  and  I  then  proceeded  myself  to 
Sholapur  to  form  my  own  opinion. 

I  beg  to  submit  two  reports  on  the  subject  by  Capt.  Penny,  the  first 
giving  a  description  of  the  material  used  and  the  mode  of  applying  it ;  the 
second  showing  the  result  of  several  trial  pits  which  at  my  request  were 
sunk  through  the  dam.  I  saw  these  pits  myself  sunk  to  a  depth  of  from  3 
to  5  feet,  and  was  satisfied  with  the  result ;  but  I  requested  Capt.  Penny 
to  sink  them  much  deeper  and  report  the  result,  which  he  has  accordingly 
done.  The  fact  of  these  pits  having  been  sunk  in  the  fresh  earthwork  to 
a  depth  of  from  12  to  17  feet  without  the  discovery  of  any  lumps,  and 
without  the  aid  of  shoring,  the  sides  of  the  pits  standing  perpendicular 
without  aid,  speaks  for  itself.    The  very  dryness  of  the  material,  thoagh 
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appnreiitly  a  faalt,  only  shows  more  eTidently  the  goodness  of  the  work, 
for  the  want  of  adhesion  of  particles  to  each  other,  which  Capt.  Penny 
mentions^  mnst  have  cansed  the  sides  of  the  pits  to  fall  in  had  the  material 
not  been  well  consolidated. 

The  work  which  has  been  recently  examined  will  hare  the  adyantage  of 
a  year's  weathering  (including  the  approaching  monsoon)  before  it  is  ex- 
posed to  the  water,  and  the  only  point  relating  to  this  part  of  the  snbject> 
to  which  I  considered  it  necessary  to  direct  Capt.  Penny's  attention,  was 
that  he  should  obserre  the  state  of  the  material  as  it  is  brought  to  the 
dam  during  the  fair  season,  and  see  that  it  does  not  get  too  dry  before  the 
rollers  are  passed  over  it.  I  should  mention  that  either  Capt.  Penny 
himselfy  or  his  assistant,  Mr.  Parry,  constantly  resides  upon  the  spot. 

There  is  puddle  trench  from  one  end  of  the  dam  to  the  other,  to  cut  off 
leakage  through  the  ground  beneath  the  dam.  In  the  lowest  part  of  the 
Yalley,  it  is  14  feet  deep  below  the  very  lowest  spot^  and  in  other  places 
the  depth  is  greater.  Qreat  difficulty  was  experienced  in  carrying  this 
trench  down,  and  pmnpbg  operations  have  been  going  on  night  and  day 
for  months,  and  it  was  for  some  time  feared  that  the  operation  would  not 
be  snccessfal  without  a  heavy  outlay,  and  the  employment  of  steam  power. 
I  was  glad  to  find  on  my  recent  visit  that  the  strata  in  which  the  springs 
occurred  had  been  cut  through,  and  a  good  substratum  exposed,  and  I 
therefore  ordered  the  filling  up  with  puddle  to  be  comnienced,  and  I 
belieya  it  is  now  completed. 

With  respect  to  the  mode  of  using  puddle,  it  is  the  practice  in  England 
to  add  a  great  deal  of  water  till  the  stuff  is  brought  into  a  sloppy  condi- 
tion. However,  the  treatment  must  depend  somewhat  on  the  nature  of 
the  material.  The  strong  yellow  clay  commonly  nsed  for  the  purpose  in 
England,  takes  up  water  very  slowly,  and  it  is  difficult  to  make  it  too  soft 
or  slushy,  but  with  the  Dekkan  soils  I  do  not  approve  of  so  much  water 
being  used.  At  Ekmk  I  examined  two  portions  of  the  puddle  trench 
which  had  been  made  with  and  without  additional  water,  and  exposed  to 
the  monsoon,  and  they  were  both  compact,  only  a  small  quantity  of  water 
had  been  added  to  make  the  material  plaatio  under  the  stroke  of  the 
rammer.  At  Fuhan,  laat  season,  I  fonnd  that  too  much  water  was  being 
used,  and  I  dirsoted  its  disoontinnanee. 

In  the  dam  itself  or  what  is  above  ground  level,  a  puddle  wall  ia  not 
used  at  Ekruk.    I  prefer  the  mode  of  consolidating  the  whoh  of  the 
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earthwork  at  Ekrnk,  to  trusting  to  a  thin  pnddle  wall  with  inferior  work 
beside  it.  From  all  I  hare  been  able  to  ascertain  of  the  Sheffield  disaster 
which  occurred  some  years  ago  in  England,  I  beliere  it  was  this  reliance 
on  the  paddle  wall  which  was  the  cause.  A  slender  puddle  wall  of  great 
height  may  be  rent  by  the  unequal  settlement  of  the  adjoining  material, 
and  unequal  settlement  there  will  be,  unless  the  whole  dam  is  carefollj 
consolidated,  or  kept  in  a  wet  condition  by  the  climate  from  the  reiy 
first,  when  the  action  of  the  moisture  remedies  the  want  of  consolidation. 
If  a  rent  occurs  in  the  puddle  wall  the  leakage  is  concentrated  on  one 
spot,  and  may  blow  out  the  material  from  the  back  of  the  dam.  In  In- 
dia, puddle  walls  are  but  rarely  used,  and  only  by  engineers  who  have 
received  their  education  in  England.  I  should  be  very  sorry  to  trust  to 
a  puddle  wall  and  material  laid  down  in  thick  layers  as  mentioned  by 
some  English  engineers — vide  extracts  given  in  Capt.  Penny's  report. 
I  prefer  a  complete  and  uniform  consolidation  of  the  whole  thickness  of 
the  dam  by  the  application  of  thin  layers  (which  ensure  both  the  break- 
ing up  of  lumps  and  admixture  of  different  soils),  and  by  systematic  rol- 
ling or  ramming. 

J.  G.  P. 


To^The  Chief  Engineer  Jar  Irrigation^  Poana.     Prom— Cop^  C.  B.  F. 
Penny f  jB.S.,  Exec.  Engr.  Jor  Irrigation. 

JMed  akoUpur,  ISXA  Ma^,  186& 

Sir, — In  reply  to  your  endorsement  No.  4A  of  the  5th  instant,  for- 
warding copy  of  letter  No.  2527  of  the  23rd  ultimo,  from  «  «  •  < 
«  «  •  •  •  i^n^  requesting  my  report  on  the  same,  I  have  the 
honour  to  state  as  follows : —  * 

•    •    *    •    •    Qij]3  ii^Q  attention  of  Goyemment  to  [ 

]  what  he  assumes 
to  be  the  faulty  construction  of  the  Ekrnk  Tank  bandf  which  he  states 
is  being  constructed  <<  of  the  ordinary  earth  dug  in  the  neighbourhood 
without  either  masonry  or  puddling." 

This  statement  [  ]  is  likely  to  mislead  Government  as  io 

the  nature  of  the  ordinary  earth  dug  in  the  neighbourhood  of  the  hand; 
as  to  what  "  puddling  "  consists  of ;  and  must  also  giro  GoTcmment  the 
idea  that  the  whole  subject  of  the  construction  of  the  band  has  been  con- 
sidered by  the  Irrigation  Engineers  in  the  most  superficial  manner.    I 

would  therefore  briefly  describe  the  nature  of  the ''  ordinary  earth  dng  in 
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the  neighbourhood  **  of  the  tank  band.  Next  quote  some  few  authorities 
as  to  the  nature  of  puddle,  and  then  go  into  the  question  of  whether  the 
method  adopted  by  us  of  constructing  the  hand  was  done  too  hastily,  or 
with  undue  consideration. 

The  upper  surface  of  the  earth  in  the  neighbourhood  of  the  hand,  for 
about  1^  to  2  feet  in  depth,  may  be  called  the  ordinary  black  soil  met 
with  in  the  Dekkan,  which  has  all  the  properties  of  clay.  Below  that, 
and  almost  to  any  depth,  the  soil  is  a  stiff  clay,  interspersed  with  lime, 
which  takes  the  form  of  kankar  nodules  or  thin  layers  of  fine  grains  of 
lime.  So  thoroughly  is  this  lime  mixed  with  the  soil  that  in  yertical  sec- 
tions of  the  material  12  feet  and  upwards  in  depth,  although  the  upper 
foot  or  two  may  have  crumbled  away,  the  whole  of  the  remainder  has  re- 
mained upright  and  sound. 

Begarding  the  proper  material  for  puddle.  Professor  Bankine  says  that 
the  best  puddle  is  formed  of  "  clay  freed  from  all  large  stones,  roots  of 
plants  and  the  like,  and  containing  as  much  sand  and  fine  gravel  as  is 
consistent  with  its  holding  water ;  if  there  is  too  little  sand  the  puddle 
is  liable  to  crack  in  dry  weather.*'  Visibly  therefore  the  use  of  the  sand 
is  to  preyent  the  clay  from  cracking.  In  our  case,  lime  is  substituted^ 
and  has  the  same  effect.  Mr.  F.  Dobson,  C.E.,  on  Foundations  and  Con- 
crete Works,  Weale's  Series,  says  regarding  puddle,  <'  Marl  when  chopped 
up  small,  and  well  punned,  answers  exceeding  well,  as  also  chalk,  if  the 
lumps  are  not  too  large.  The  greatest  point  of  importance  is  to  leare  no 
large  lumps,  but  to  break  up  the  material  very  small  before  using  it,  and 
to  pun  it  up  carefully  so  that  no  vacuities  may  be  left  in  any  part."  t 
will  therefore  afterwards  show  that,  according  to  what  Mr.  Dobson  states 
is  the  great  requisite  for  puddle,  the  whole  of  our  hand,  as  being  con- 
structed, is  one  mass  of  puddle  in  the  most  approved  fashion. 

Having  therefore  the  whole  requisites  for  puddle  in  the  ordinary  earth 
dug  in  the  neighbourhood  of  the  hand,  it  remains  to  be  seen  in  what  man- 
ner the  hand  is  being  constructed. 

Professor  Bankine  says,  "  that  the  embankment  should  be  made  in  thin 
layers  from  9  to  18  inches  deep,  well  ramming  each  layer  before  laying 
down  the  next."  For  constructing  the  Ekruk  Tank  near  Sholapur,  the 
following  method  has  been,  and  is  being  adopted  : — 

A  trench*  has  been  dug  throughout  the  entire  length  of  the  hand  down 

«  When  the  dam  crosMii  the  river  bed  uid  ite  height  ii  greatest  there  arc  two  |»raUe1  trenches. 
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to  an  impermeable  stratum,  and  this  has  been  filled  in  with  chosen  soil, 
the  earth  being  supplied  in  layers  of  3  inches,  and  well  rammed.  In 
forming  the  upper  part  of  the  bandj  the  earth  has  been  spread  in  the 
same  manner  in  layers  of  8  inches,  bat  instead  of  being  rammed,  each 
layer  has  been  most  carefully  rolled  with  iron  rollers.  The  solidity  of 
the  embankment  is  still  farther  increased  by  all  the  earth  being  brought 
in  carts,  each  layer  of  3  inches  has  therefore  an  immense  traffic  of  carts 
oyer  it,  besides  being  rolled,  before  another  layer  of  3  inches  is  placed  on 
tho  top.  By  having  the  earth  spread  in  snch  very  thin  layers,  it  becomes 
a  matter  of  impossibility  for  any  large  lumps  to  be  left  in  the  band.  So 
perfect  and  consolidated  is  the  portion  of  the  band  already  completed  that 
it  brought  forth  the  remark  from  the  late  District  Engineer  of  the  Q.  L  P. 
Hallway  at  Sholapur,  that  <'  the  whole  band  is  a  puddle  wall,"  or  words 
to  that  effect*  I  speak  from  memory,  and  the  expression  is  impressed 
on  me  from  haying  noted  it  at  the  time  as  a  fayourable  opinion,  from  a 
practical  man,  of  the  construction  of  the  work. 

It  should  be  borne  in  mind  that  all  acknowledged  authorities  for  the 
construction  of  dams,  speak  on  the  best  method  of  making  bands  from 
the  experience  they  haye  had  in  England  or  the  Continent,  &c.  India  to 
all  of  them  is  a  closed  book,  and  such  soil  as  is  found  in  many  parts  of 
India  as  the  ordinary  soil  of  the  country,  is  of  the  same  description  as 
we  are  told  great  pains  should  be  taken  to  obtain,  that  is,  it  is  composed 
of  clay  with .  lighter  material  in  such  proportion  as  to  form  the  best  in- 
gredients for  puddle.  With  soil  such  as  this,  the  whole  of  the  Eknik 
Tank  band  is  constructed  in  layers  of  3  inches  each ;  whereas  authorities 
tell  us  that  it  is  only  necessary  for  a  very  small  portion  in  the  centre  of  the 
band  to  be  built  after  this  manner,  the  material  for  which  should  be  care- 
fully cleared  of  all  large  stones,  roots  of  plants,  and  the  like;  the  re- 
maining portion  may  be  made  of  day,  but  without  any  clearance  of  large 
stones  and  the  like,  and  constructed  in  layers  of  from  9  to  18  inches  thick, 
or  as  Mr.  Samuel  Hughes,  C.E.,  says  in  his  Treatise  on  Water  Works, 
*<  in  layers  not  exceeding  2  to  3  feet  in  thickness.*' 

Puddle  walls,  however,  are  not  always  used  in  making  embankments 
in  Qreat  Britain  eyen.  Eeferring  again  to  a  treatise  on  water  works  by 
Mr.  Samuel  Hughes,  G.E.,  page  287,  it  will  be  seen  <<  that  Mr.  Thorn  of 
Glasgow,  who  has  had  great  experience  in  the  construction  of  these  works, 
(earthen  embankments)  does  not  approye  of  puddle  trenches  in  the  bank ; 
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but  after  excavating  the  fonndation  to  such  a  depth  as  to  be  firm,  and 
prevent  the  passage  of  water,  he  forms  the  bank  by  spreading  alternate 
layers  of  paddle  peat,  or  alluvial  earth,  and  gravel,  beating  them  well 
with  wooden  dampers  till  they  are  completely  mixed.  He  afterwards 
covers  the  slopes  with  a  paddle  of  small  stones  or  famace  dnders,  mixed 
with  clay,  to  prevent  moles  or  other  vermin  penetrating  into  the  bank." 
Mr.  Thom  refers  to  ''many  reservoirs  he  has  constracted  in  this  way 
withoat  paddle  trenches  at  Greenock,  Paisley,  and  elsewhere." 

I  trust  I  have  shown  therefore  that  the  subject  of  the  best  method  of 
constructing  the  Ekruk  Tank  band  was  not  considered  hastily,  and  also 
have  satisfied  •♦♦••♦  that  the  Irrigation  Engineers 
are  fully  aware  of  the  importance  of  the  work  they  are  carrying  out  and 
will  have  a  due  regard  for  the  interest  of  all  concerned.  ♦♦••♦♦ 

In  conclasion,  I  would  wish  to  add  that  Mr.  Thom's  method  of  cover- 
ing the  slopes  with  a  puddle  of  small  stones  or  furnace  cinders,  mixed 
with  clay,  can  always  be  adopted  should  higher  authority  consider  such  ne- 
cessary. 

0.  B.  F.  P. 


To — Capt.  Penny,  R,E.y  Exec.  Engr.for  Irrgn,  Sholdpur,    From— TAe 
Chief  Engr.  for  Irrigation.     No.  778  of  1868. 

Dattd  Sholapur,  16<A  May,  186a 

BiR, — I  have  the  honour  to  request  you  will  make  some  experiments 
with  the  material  you  are  using  for  the  Ekruk  Dam. 

A  moderate  quantity,  say  a  cart-load,  of  each  variety  of  material 
taken  from  the  pits  should  be  placed  upon  a  piece  of  firm  level  ground, 
and  made  up  into  conical  shaped  heaps.  Three  examples  of  each  variety  of 
material  will  be  desirable ;  one  made  up  into  a  heap  without  any  addition 
to  the  moisture  it  possesses  when  excavated ;  a  second  with  a  little  water 
added ;  and  a  third  with  a  great  deal  of  water  added,  that  it  may  be  in 
the  condition  of  the  puddle  commonly  used  in  England. 

After  these  samples  have  had  a  few  days  to  dry,  you  will  be  able  to 
see  which  is  most  compact  without  cracking,  and  I  request  you  will  report 
the  result. 

I  am  going  to  look  at  the  Pashan  Dam  this  evening,  and  will  send  yon 
any  information  that  I  may  find  worthy  of  note  there. 
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To — The  Chief  Engr,  for  Irrigation,  Poona,     From — Capt.   C  B.  F» 
Penny,  R,K.,  Exec.  Engr,  for  Irrigation.     No.  680  of  1868. 

DaUd  Sholapur,  29<A  Mag,  1868. 

Sir, — In  accordance  with  instructions  received  in  your  letter  -No.  778 
of  the  16th  instant,  I  hare  the  honour  to  report  as  follows  :— 

S|iecimens  of  three  kinds  of  material  of  which  the  band  at  Ekmk  is 
being  made  were  chosen,  and  three  conical  heaps  were  made  of  each  kind. 
One  heap  was  well  rammed  without  any  addition  of  moisture ;  a  second 
had  as  much  water  added  as  is  a£  present  supplied  to  the  band ;  and  a 
third  had  a  great  deal  of  water  added  to  it,  reducing  it  to  the  condition 
of  puddle  commonly  used  in  England.  Of  the  three  specimens  of  soil 
used,  one  was  common  black  soil ;  another  was  a  clay  of  a  lighter  colour 
with  a  mixture  of  kankar ;  and  a  third  was  a  clay  of  a  much  lighter 
colour,  with  a  mixture  of  kankar  and  other  material,  very  like  fine  sand. 

Of  the  black  soil  specimens,  the  heaps,  without  any  addition  of  moisture, 
became  a  mass  of  dust  on  the  outside,  the  inner  part  being  a  body  of  loose 
material.  The  heap,  with  a  slight  addition  of  water,  was  cracked  all  over 
on  the  outside,  but  the  inner  part  appeared  still  to  have  moisture,  and  was 
firm.  The  heap,  with  a  great  deal  of  water  added  to  it,  was  in  deep  cracks, 
and  had  nearly  all  crumbled  away,  leaving  little  moisture  in  the  interior. 
It  would  appear  in  this  last  heap  that  in  the  process  of  drying,  the  large 
cracks  formed  had  increased  the  evaporation,  and  that  less  moisture  was 
left  than  in  the  heaps  which  had  received  only  a  slight  addition  of  water. 

The  same  results,  only  of  a  more  favourable  nature,  were  observed  of 
the  second  kind  of  material  used,  viz.,  clay  of  a  slightly  lighter  colour 
with  an  admixture  of  kankar.  Of  this  material  it  was  evident  that  a 
slight  addition  of  water  was  of  morel)enefit  than  a  sufficiently  largo  quan- 
tity to  reduce  it  to  puddle. 

Of  the  third  kind  of  clay  used,  that  of  a  much  lighter  colour  with  an 

admixture  of  kankar  and  sandy  material,  there  could  be  no  doubt  which 

heap  was  the  most  satisfactory.     The  one  with  no  addition  of  moisture 

was  a  heap  of  fine  dust  with  no  adhesion  of  the  particles ;  the  heap  with 

a  slight  addition  of  water  was  compact  and  moist  in  the  interior,  but  the 

outer  part  was  little  dry  and  wanted  adhesion ;  the  third  heap,  however, 

with  a  good  deal  of  water,  was  one  compact  mass,  without  scarcely  a  crack, 

and  could  be  lifted  up  entire  without  breaking.     When  broken  in  half, 

the  mass  was  found  compact  and  moist. 

C.  B.  P.  P. 
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No.  CCLXXVI. 
BULL'S  PATENT  TRENCH  KILN. 

[  Fi</0  Plates  I.  and  II  ] 


By  W.  Bull,  Esq.,  A.LC.E. 


FuBTHBR  experience  in  the  use  of  the  Annular  Flame  Kilns,  on  which 
seyeral  Articles  have  been  contributed  to  the  Professional  Papers  from 
time  to  time,  has  led  to  very  considerable  modifications  and  improvements. 
The  extent  to  vrhich  these  improvements  have  been  carried  out  will  be 
shown  by  the  following  description,  and  its  accompanying  drawings. 

The  successful  application  of  the  Hoffmann  system  of  top  firing  to 
the  kilns  as  originally  designed  led  to  the  discovery  that  with  properly 
constructed  chimneys  and  dampers,  the  admission  of  air  for  the  combus- 
tion of  the  fuel  by  means  of  openings  in  the  sides  of  the  kiln  could  be 
entirely  dispensed  with.  It  at  once  became  apparent  that  the  kiln  walls 
could  be  similarly  dispensed  with,  or  rather  that  the  natural  earth  would 
answer  just  as  well  and  keep  in  the  heat  much  better.  The  result  of  the 
first  trial  far  exceeded  my  most  sanguine  anticipations.  The  construction 
of  the  kiln  is  at  once  reduced  to  16  per  cent,  of  the  cost  according  to  the 
old  plan.  The  absolute  impossibility  of  any  escape  of  heat  or  admission 
of  cold  air  by  the  sides  or  bottom  increases  the  economy  of  fuel,  and 
greatly  improves  the  draught  and  rapidity  of  burning,  and  the  decreased 
cost  permits  of  the  new  kiln,  or  process,  being  used  for  the  smallest  num- 
ber of  bricks  down  to  a  single  lakh. 

It  may  be  of  any  width  which  can  be  conveniently  fired.  It  may  be 
a  short  straight  piece  worked  periodically.  It  may  be  a  long  straight 
piece  worked  semi-continuously,  or  it  may  be  circular,  square,  oval  or 
obloDg  to  work  continuously.    The  process  is  the  same  in  all,  and  in 
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different  positions  each  may  have  its  adyantages.     It  will  be  Tcrj  eaej 
to  adapt  the  instructions  now  given  to  any  of  the  shapes  mentioned. 

The  kiln  is  simply  a  chamber  or  excavation  dag  to  the  depth  shown 
in  the  drawing  with  the  bottom  sides  and  top  edges  dressed  off  to  a  tree 
surface.  '  Of  necessity  not  a  single  brick  need  be  used  in  the  constmc- 
tion.  Doorways,  flues,  ashpits,  openings  of  any  sort  and  flooring  are 
dispensed  with. 

When  excavated  and  dressed  off  to  the  proper  depth,  the  aides  should 
be  hand-plastered  with  a  mixture  of  cow-dung  and  mud,  as  it  causes  tbe 
earth  to  hold  together  better. 

The  best  form  of  kiln  for  regularity  of  out-turn  is  undoabtedlj  the  cir- 
cular one,  but  for  a  small  number  of  bricks  it  would  of  course  be  most 
economical  to  construct  a:  straight  piece  of  a  length  in  proportion  to  the 
number  to  be  burnt.     Except  for  the  difference  of  distance  from  centre 
to  centre  of  furnaces  on  the  inner  and  outer  faces  of  a  circular  kiln,  tbe 
setting  is  precisely  the  same  in  both.     In  both  cases  that  distance  can  be 
altered  at  pleasure,  there  being  no  fixed  conditions  of  any  kind  between 
the  kiln  and  the  setting.     What  may  suit  one  kind  of  clay  may  not  suit 
another.     When  two  or  more  kilns  are  required  in  the  same  brickfield, 
two  straight  pieces  of  one  hundred  feet  each,  joining  two  semicircles  of 
the  radius  given  in  J^i^.  1  will  give  a  double  kiln,  not  more  than  SOO  feet 
being  required  to  work  continuously  in  the  present  plan.     A  ring  of  the 
mean  length'  of  300  feet  would  not  answer,  on  account  of  the  great  differ- 
ence from  centre  to  centre  of  furnaces  in  such  a  compending  small  circle. 
For  a  long  straggling  brickfield,  one  long  straight  piece  would  pro- 
bably be  the  most  suitable.     The  whole  being  below  the  surface  of  the 
ground,  or  only  slightly  raised,  the  coolies  loading  and  unloading  can 
walk  over  along  the  kilns  at  pleasure. 
In  the  drawings^- 

Fig.  1  is  a  complete  plan  of  a  kiln  for  working  continuously  on  m  small 
scale. 

Fig.  2  is  a  part  plan  showing  the  method  of  commencing  the  setting, 
and  the  temporary  wall  for  starting  the  firing. 

Fig,  3  is  a  part  plan  showing  the  top  of  the  setting,  and  the  method  of 
forming  the  feedholes. 

JFVj^.  4  is  a  half  plan  of  two  complete  chambers  covered  and  ready  for 
firing. 
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Figs.  5  and  6  give  an  exact  longitodinal  sectional  eleration  of  one 
chimney  length,  and  a  portion  of  another.  Fig.  6.  shows  the  feedhole 
walls,  and  Fig*  5  the  intermediate  walls  and  chimney  space. 

Fig,  7  shows  a  half  cross-section  between  feedholes. 

Fig.  8  shows  a  half  cross-section  through  feedholes  and  fumaoB. 

Fig.  9  shows  a  templet  for  giving  the  position  of  the  bottom  brick 
between  each  farnace,  and  the  width  of  the  furnaces. 

FigB.  10,  11,  12  and  13  show  the  details  of  the  dampers  to  be  used. 

Figt.  14,  15  and  16  show  the  details  of  the  chimneys. 

Fig.  17  is  a  templet  for  giving  the  position  of  the  bottom  bricks  in  a 
circular  kiln  of  the  radius  shown  in  Fig.  1. 

In  choosing  a  site  for  a  kiln,  a  level  piece  of  ground  offers  the  greatest 
facilities,  but  is  by  no  means  a  necessity  as  the  sides  may  be  partly  raised 
by  mud  wall  work  or  kucha  brickwork.  If  the  excavated  earth  is  good 
for  moulding  purposes,  it  answers  best  to  entirely  excavate  the  kiln,  if 
not  I  would  recommend  its  being  raised  two  feet,  and  the  earth  from  the 
remaining  depth  utilized  in  levelling  off  a  width  parallel  to  the  kiln,  and 
the  same  height  as  the  top  on  which  to  stack  the  wood.  Two  sets  of 
steps  which  may  be  made  of  mango  wood  for  the  coolies  to  go  up  and 
down  on  are  required.  In  all  cases  there  should  be  slight  fall  away  from 
the  top  edge  of  the  kiln  to  prevent  rain  water  running  in. 

A  length  of  50  feet  or  more  having  been  excavated,  and  the  bottom 
and  sides  treated  as  directed,  loading  can  be  commenced.  The  width  of 
furnace  is  13  inches,  and  the  distance  between  2  feet  9  inches.  The  near 
wall  of  the  first  furnace  is  only  1  foot  l\  inches,  and  the  far  wall  of  the  last 
in  each  length  is  1  foot  6  inches.  The  latter  has  a  greater  tendency  to 
settle  down  owing  to  the  forward  action  of  the  flames,  ^ch  chimney 
length  is  exactly  the  same,  and  there  should  be  six  inches  between  each 
length  to  allow  in  the  first  plan  of  the  dampers  being  dropped  down ;  and 
secondlly,  as  a  smoke  chamber  over  which  to  place  the  chimneys.  The 
feedholes  and  chimney  openings  are  shown  in  detail,  and  should  be  fin*^ 
ished  off  with  a  plla  brick  at  the  top. 

As  each  chamber  is  filled  a  compact  layer  of  dry  earth  or  ashes,  nei>er 
less  than  six  inches  in  depth,  should  be  evently  spread  over  the  whole,  level 
with  the  top  of  the  feedholes.  In  the  cold  weather  some  plla  bricks  may 
with  advantage  be  set  under  the  chimneys  to  catch  the  steam  droppings. 
It  is  almost  needless  to  say  that  the  bricks  should  be  as  dry  as  possible. 
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It  is  not  adviseable  to  pack  the  bricks  very  tight  in  the  walls,  bnt  no 
actual  space  need  be  allowed,  except  in  the  three  top  bricks.  Between 
the  bricks  of  the  2nd  and  3rd  courses  half-an-inch  space  should  be  allow- 
ed, and  the  top  course  should  be  composed  of  two  bricks  running  longi- 
tudinally with  three  inches  space  between  them.  The  spaces  between  the 
walls  should  never  be  more  or  less  than  three  inches,  and  between  the  outer 
wall  and  the  face  of  kiln  four  or  five  inches.  If  the  bricks  are  longer 
than  shown  in  the  drawing  the  width  of  kiln  must  be  proportionately  in- 
creased. 

Two  chimney  lengths  and  part  of  a  third  having  been  set,  the  tempo- 
rary cross-wall  with  seven  short  furnaces  at  the  foot  of  it,  should  be  run  up 
of  loose  bricks  and  smeared  over  with  mud,  the  dampers  should  be  put  down 
the  second  chimney  opening,  and  firing  commenced  in  the  cross-wall  before 
mentioned,  slowly  to  begin  with.  As  steam  ceases  to  rise  out  of  each 
line  of  feedholes  successively  they  should  be  closed,  either  with  a  couple 
of  bricks  or  a  thick  square  tile,  of  which  a  couple  of  thousand  may  be 
moulded  specially  for  this  purpose  and  burnt.  Twenty-four  hours  after 
firing  has  commenced,  the  third  chamber  should  be  completely  loaded,  and 
the  dampers  withdrawn  from  the  second  opening,  and  put  down  the  third. 
The  chimneys  should  be  put  over  the  second  opening,  and  the  first  closed 
up  as  well  as  all  feedholes.  This  should  be  done  as  tightly  as  possible 
to  allow  of  the  full  power  of  the  chimneys  being  exerted.  At  the  foot  of 
the  chimneys  six  or  nine  inches  of  dry  earth  or  ashes  should  be  spread  to 
catch  the  condensed  steam,  which  principally  (but  not  entirely)  runs  out 
through  the  bottom  joint,  owing  to  the  peculiar  construction  of  chimneys. 

When  the  heat  in  the  kiln  has  got  up  to  such  an  extent  that  the  hand 
cannot  be  borne  on  the  chimneys,  they  should  be  moved  on  as  before. 
This  rule  for  moving  on  the  chimney  should  always  hold  good.  By  this 
time,  if  not  before,  the  bricks  forming  the  first  furnaces  will  be  red  hot, 
and  top  firing  should  be  commenced  in  the  first  row  of  feedholes.  Three 
or  four  hours  after  a  second  may  be  commenced,  and  similarly  a  third. 
This  is  sufficient  for  regular  working,  but  until  the  kiln  has  been  once 
fired,  it  may  be  necessary  to  continue  firing  the  feedholes  next  the  wall 
after  the  three  middle  ones  have  been  dosed.  Cast-iron  caps  should  be 
provided  to  cover  the  months  of  the  feedholes  when  burning,  as  anything 
of  earthenware  is  sure  to  get  broken. 

The  kiln  will  now  be  in  full  working,  and  the  top  and  bottom  firing 
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Bhonld  be  conlinned,  until  the  first  furnace  has  been  sufficiently  fired. 
This  can  be  told  by  the  .settlement  as  well  as  by  the  appearance.  The 
bottom  fiong  should  be  slackened  down  then,  but  not  discontinued  until 
six  furnaces  are  closed.  It  should  then  be  stopped,  and  the  furnace  mouths 
loosely  closed  with  bricks,  but  not  plastered.  Loading,  firing,  and  moying 
on  the  chimneys  should  be  going  on  in  proper  order,  and  when  15  furnaces 
have  been  closed,  the  mouths  of  the  furnaces  in  the  cross-wall  should  be 
plastered  up,  and  air  admitted  by  partly  opening  the  first  line  of  feedholes. 
The  object  of  this  is  to  prevent  the  smoke  eddying  back  along  the  top  of 
the  passages.  When  25  are  closed,  the  first  row  may  be  opened  entirely^ 
and  after  that  every  fifth  line,  beginning  with  the  25th  or  30th  behind  the 
firing.  Between  these  and  the  dampers  every  feedhole  should  be  carefully 
closed.  The  three  rows  firing  only  being  uncovered  when  dropping  in 
the  wood  or  to  see  how  the  burning  is  getting  on.  The  firing  is  very 
simple,  and  any  smart  coolie  can  be  trained  in  a  week.  Just  as  much 
wood  only  as  will  bum  freely  without  any  accumulation  of  charcoal 
should  be  given,  one  piece  generally  to  each  hole  about  every  half  hour 
being  sufficient.  The  system  here  detailed  ensures  such  a  regular  distri- 
bution that  the  utmost  perfection  of  burning  is  obtained.  Except  the 
bottom  brick  every  individual  brick  below  the  brick  flat  should  be  thor- 
oughly burnt,  and  with  good  clay  and  care,  there  need  be  no  overburning. 
It  is  obvious  that  from  being  able  to  look  down  into  any  part  at  any  time 
gives  complete  control  over  the  working. 

Any  sort  of  tiles  that  can  be  set  in  the  walls  can  be  burnt,  and  with 
care,  there  need  be  no  loss  whatever,  either  from  over  or  underbuming* 
When  forty  or  fifty  furnaces  have  been  closed,  the  part  first  fired  will  be 
ready  to  unload.  The  temporary  wall  may  then  be  taken  down.  Four 
furnaces  equal  to  8,000  bricks  may  be  burnt,  the  first  time  round  and 
five  the  second  time,  when  the  kiln  is  thoroughly  dried.  The  average 
^consumption  of  fuel  should  not  exceed  4,000  cubic  feet  of  mango  or 
3,000  cubic  feet  of  babul,  per  lakh.  For  finishing  off  at  the  end  of  a 
reason,  a  second  temporary  wall  should  be  put  up  six  inches  from  the 
end  of  a  chamber,  and  the  chimneys  placed  over  the  space  so  left.  They 
must  not  be  left  then  longer  than  the  usual  time  for  moving  them,  or 
they  will  be  burnt.  They  should  then  be  removed  as  usual,  and  a  short 
chimney  run  up  of  bricks — four  feet  high  is  sufficient. 

If  a  certain  proportion  of  second  class  is  required  the  loading  may  be 
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carried  np  two  bricks  higher,  taking  care  to  gi?e  little  more  space  between 
the  fire  top  bricks.  This  is  the  maximam  height  that  will  bam  well  and 
economically. 

In  putting  down  the  dampers,  they  simply  have  to  be  placed  side  bj 
side,  and  the  key  or  intermediate  piece  pushed  down.  The  crack  at  the 
side  should  be  smeared  over  with  a  little  mnd,  and  also  alon^  the  top. 

With  regard  to  the  apparatus  used,  the  templets  shown  by  Fig$.  9  and 
17   will  be  foimd  most  useful,  as  giving  not  only  the  position  of  the 
bottom  course,  but  the  width  of  the  furnaces,  by  making  a  cut  on  the  wall, 
opposite  the  forward  edge,  and  then  moving  the  hinder  edge  op  to  it. 
The  chimney  bench  is  six  inches  extra.     The  dampers  should  have  a  good 
coat  of  tar  before  use,  but  hot  the  keys.     If  the  latter  get  rusty  and 
are  stiff  to  move,  a  little  oil  rubbed  on  them  will  set  it  to  righte.     A  set 
will  last  for  years  with  care.     Four  middle  and  two  outer  sheets  with 
five  keys  are  required  to  form  a  complete  damper  for  the  kiln  here  shown. 
.    The  chimneys  are  shown  of  the  utmost  possible  length  which  will  per- 
mit of  there  being  conveniently  moved  without  being  lowered,  and  if 
made  as  in  the  plan  can  be  moved  on  a  couple  of  stout  bamboos  with  the 
greatest  ease.     In  making  them  up  a  theoretically  correct  section  has 
been  sacrificed  to  simplicity  of  construction,  and  very  little  cutting  is 
necessary.    The  four  sheets  to  form  the  upper  length  having  been  rivet- 
ted  together,  they  can  easily  be  bent  over  to  make  a  big  tube  and  rivet- 
ted.    The  same  with  the  second  length.     The  short  lower  length  is  made 
by  cutting  one  sheet  into  four  pieces,  and  acting  as  with  the  others.    In 
joining  the  lengths,  the  short  lower  one  must  always  be  inserted  in  the 
next  one  above  it,  and  if  the  top  edge  can  be  bent  in  slightly  so  much 
the  better.    The  object  of  this  is  to  arrest  all  the  condensed  steam,  and 
allow  it  to  run  out  on  to  the  layer  of  dry  earth  or  ashes  at  the  foot  of 
the  chimneys,  instead  of  its  dropping  on  to  the  green  bricks  and  spoiling 
them.     It  may  even  be  adviseable  to  rivet  a  narrow  strip  inside  the  lower 
length  of  chimney  to  make  sure  of  this.    Two  or  more  good  coats  of 
tar  should  be  given  to  the  chimneys,  particularly  inside  and  near  the  hot- 
tom.    Without  this  the  gases  from  the  fuel,  and  the  moisture  together, 
will  eat  them  away  in  a  surprisingly  short  time.    Before  moving  they 
should  never  be  allowed  to  get  too  hot  to  bear  the  hand  on  for  a  moment^ 
or  they  will  be  burnt.    The  distance  will  vary  with  the  season,  from  8  to 

15  furnaces  from  the  firing. 
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For  the  iriilth  of  kiln  shown  in  the  drawing  two  are  required.  Thej 
should  be  protected  against  the  action  of  the  wind  bj  stout  bamboo 
struts.  The  cast-iron  caps  can  be  supplied  by  Messrs.  Burn  &  Co.  of 
Calcutta.  They  will  be  required  for  three  lines  of  feedholes  with  two 
extra. 

An  estimate  of  the  cost  of  a  kiln  similar  to  the  one  shown  in  the 
drawing  is  here  given : — 


Earthwork  35,000  cabic  feet,  at  Ss.  1-8, 

Bricklavera  dreuiug  off  bottom  and  sides, 

Set  of  chinmeys  and  dampers, 

Caps  (cast-iron), 

2  sets  of  steps  of  mango  woo<l, 

1  templet,    .. 

Coutingenciea, 


•  • 


•  • 


•  • 


•  • 


•  ■ 


•  • 


•  ■ 


•  ■ 


B8. 

▲. 

P. 

..     52 

8 

0 

..     24 

0 

0 

..   110 

0 

0 

..     30 

0 

0 

..       6 

0 

0 

..       5 

0 

0 

•  •     12 

8 

0 

..  240 

0 

0 

Total  Rs., 

It  will  be  seen  that  the  kiln  itself  costs  only  Rs.  75*8-0,  or  less  than  one- 
sixth  of  the  cost  of  the  most  economically  constructed  kiln  on  the  old 
plan.  It  is  therefore,  without  exception,  the  cheapest  kiln  in  existence, 
it  is  decidedly  the  simplest  to  construct,  but  eyen  these  adyantages  are 
subordinate  to  the  fact,  that  owing  to  the  method  of  working  not  a  breath 
of  cold  air  need  eyer  touch  a  brick,  which  is  likely  to  be  damaged  by  it, 
thus  ensuring  a  yery  high  quality,  as  regards  soundness  and  the  maximum 
of  economy,  from  the  utilization  of  all  waste  heat. 

I  think  it  necessary  to  state,  that  the  kiln  itself,  and  the  combination 
resulting  from  the  adaptation  of  the  Hoffmann  system  of  top  firing  with 
wood  to  it,  and  other  parts  of  my  original  inyention,  form  the  subject  of 
separate  patents. 

W.  B. 
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No.  CCLXXVII. 


CHANNEL  OE  CONSTANT  MEAN  VELOCrTY. 


By  Capt.  Allan  Cunningham,  R.E.,  Eony.  Fel.  ofK%nf%  Coll.,  Zand. 


It  is  propped  to  investigate  the  fonn  of  cross-eeetion  of  a  channel  of 
given  material,  which  shall  have  a  constant  ^'  mean  velocity  ",  far  aU  depths 
of  flow,  adopting  the  resnlts  of  the  latest  published  experimental  researeh 
on  the  value  of  this  quantity. 

The  real  relation  of  this  quantity  to  the  various  elements  on  which  it 
depends  is  unknown :  according  to  the  theory  proposed  by  Ch&yi  it  ap- 
pears that — 

Mean  velocity  oc  VHycL  mean  depth  x  slope, • (l)f 

or  in  symbols  U  =:  C .  VTI,  where  C  is  constant, (2)« 

And  with  some  hydraulicians,  I  is  understood  to  mean— -in  a  long  uni- 
form channel — the  average  slope*  of  the  bed,  which  is  therefore  a  c<m8iant 
at  any  one  place  in  the  same  channel. 

Adopting  this  Besult  (2),  as  a  sort  of  first  approxunation  and  assigning 
the  above  meaning  to  I,  it  is  clear  that — in  the  same  channel — the  only 
variable  in  the  expression  for  U  is  the  hydraulic  mean  depth  r ;  so  that 
if  XT  be  constant,  r  must  be  constant :  in  other  words. 

^  A  channel  of  constant  mean  Telocity  for  all  depths  at  the  same  plaee^  i 
most  be  a  channel  of  constant  hydranlic  mean  depth  ".  I  *"-(^)* 

The  argument  leading  to  the  above  Result  (1)  or  (2)  must  be  admit- 
ted to  be  very  imperfect,  amounting  to  no  more  than  a  plausibility  of  its 
truth.  The  course  of  experiment  has  indeed  pointed  out  unmistakeably 
that  the  proposed  relation  is  certainly  very  far  from  correct.    However 

*  How  f tf  tbii  ftMamption  is  legitimate  is  very  donbtful :  ft  MMii  probftbls  that  I  ihonld  rather 
be  taken  aa  tbe  "  aarfaoe-elope  *\  which  ia  foand^by  experiment— not  to  be  a  oosatant  qinaatlty. 
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experiment  has  not  yet  established  any  laws  of  fluid  of  motion  whereon 
to  base  any  rational  theory,  so  that  no  better  formala  has  yet  been  pro- 
posed by  theory.  In  the  absence  then  of  a  rational  formula,  hydranli- 
cians  have  been  content  to  accept  the  abore  result,  as  a  sort  of  rough 
first  approximation  and  to  write  as  abore, 

U  =  C .  VTl, (4), 

wherein  howerer  C  is  not  a  constant,  but  itself  also  a  variable  depending 
on  many  elements,  the  chief  of  which  is  perhaps  the  physical  state  of 
roughness  (technically  "  rugosity '')  of  the  channel.  The  course  of  ex- 
periment of  late  years  has  been  to  investigate  values  of  this  coefficient 
C,  and  thence  if  possible  the  law  of  functional  dependence.  All  recent 
experiment  tends  to  show  that  this  coefiScient  must  be  one  which  in- 
creases with  increase  of  hydraulic  mean  depth. 
The  most  important  formulae  that  have  been  recently  proposed 


1^— BAZIN'B  COEFFICIXNT,  C  s=  /y/l  -i,(o  +  ^) 


wlieiein  a,  ^  are  numerical  quantities  depending  on  the  "mgosity  "  of  the  channel 
This  is  based  on  the  prolonged  experiments  of  both  Darcy  and  Bazin  in  1855-60  in 
France  on  small  artificial  channels  not  exceeding  2  mitres  in  width  or  deptlu 

2®.— Klttbb's  CoBFFiaENT,  C  =   ^  "**  ^  "=";f  ,  where  m  =  /3  +  I 

and  a,  /},  y  are  constant  nnmerical  coefficients,  the  same  for  all  channels,  and  /  is  a 
quantity  depending  on  the  *'  rngosity  "  of  the  channel.  This  is  ba<^  on  a  compari- 
son of  all  experiments  accessible  np  to  the  date  of  publication  of  the  formula, 
(1870)  :  and  is  therefore  beliered  to  be  the  best  extant 

Now  the  quantities  a,  /3  in  Bazin's  coefficient,  and  /  in  Kutter's  co- 
efficient depending  solely  on  the  "  rugosity  '*  of  the  channel  are  clearly 
constant  for  the  same  channel  at  the  same  place. 

And  assigning  the  same  meaning  to  I  as  before,  (which  makes  it  con- 
stant in  the  same  channel  at  the  same  place),  the  only  variable  in  both 
Bazin's  and  Eutter's  coefficients  is  the  hydraulic  mean  depth  (r),  so  that 
in  fine  the  only  variable  in  the  expression  (4)  for  U  is  the  hydraulic  mean 
depth  (r),  and  the  same  Result  (3)  is  obtained  as  before,  even  with  these 

new  variable  forms  of  the  coefficient  C,  viz : — 

•*  A  channel  of  constant  mean  Telocity  for  all  depths  at  the  same  place,  must  be  a 
channel  of  constant  hydranlic  mean  depth  ". 

It  is  easy  to  see  that  this  remarkable  result  depends  not  at  all  on  the 
functional  /arm  of  the  coefficient  (C),  but  on  its  being  a  function  only  of 
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the  rngosity,  slope,  and  hydnalic  mean  depth :  hence  the  above  result 

will  be  equally  trne  for  any  coe£Eicient  (C),  inyolving  only  these  elements. 

The  figure  of  the  border  of  the  cross-section  of  the  channel,  must 

possess  the  property  of  haying  a  constant  hydraulic  fMon  depth  for  aU 

depths  offlaw^  ue. 

Area  of  cross-section            ^    ,                           '  ^ 
Wetted  bord«,      =  ~'«'*"*' ^^>' 

or  expressed  in  the  ordinary  mathematical  language, 

Area  of  curve  oc  length  of  arc, • ••••(6)i 

coupled  with  the  conditions  that'- 
ll   The  area  and  are  must  be  comprised  between  the  same  limits. 
2^    The  carre  (of  the  wetted  border),  must  be  continnoiis  between  theie  limits. 

Kow  it  will  be  found  that  there  is  no  curve  which  will  satisfy  tUl  these 
conditions. 
The  condition  (6)  is  a  well  known*  property  of  the  "  common  catenary," 


-40*+'   ') 


y 

and  it  might  be  supposed  that  a  pair  of  equal  half-catenaries  arranged 

as  in  figure  with  a  common  directrix  OZ  and  vertices  at  A,  B  would  satisfy 

iz 


o 

the  conditions ;  but  their  geometric  property  is,  (writing  AO  =  i  =  OB, 
OM  s  ^,  ?M  =  QM  s  y). 

Area  AOPM  =  i  .  arc  AP ;  Area  OBQM  =  i  .  arc  BQ. 

.*.  Whole  area  ABQP  s=  b .  (arc  AP  -(-  BQ). 
whereas  the  condition  that  ought  to  be  satisfied  is — 

Area  ABQP  =  » .  (arc  AP  +  AB  +  BQ), (6a). 

The  cross-section  obtained  is  thus  inexact  to  the  extent  of  omitting 
the  straight  bottom  portion  AB,  from  the  expression  for  the  wetted  border. 

This  mathematical  solution  moreover  happensf  to  be  unique,  L  e.,  it 
shows  that  the  catenaiy  is  the  only  curve  possessing  the  property  (6) ;  it 

*  5m  Boole's  DiflamtUl  BqutioDi  Cha|».  XI.,  Bz.  S,  Alt  4. 

f  TUf  would  be  ttoogaiatA  ax  onoe  by  any  one  i6lTing  tba  dUtereatial  equation  which 
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follows,  therefoMi  thAt  there  is  no  corre  pomemiing  the  reqniied  piopeitj 
(6a). 

The  Bolatioii  thongh  edmittoi  inexact  gives  sn  approximaU  eolation 
in  two  distinct  ways. 

ApproximaU  sobUian  1^.  If  the  bed-width  AB  be  Tery  small  compared 
with  the  whole  length  PABQ  of  wetted  border,  or  which  is  the  same 
thing  if  the  bed*width  AB  be  small  compared  with  the  depth  OM,  the 
solution  is  approximate. 

In  this  case  z-£- ft  being  a  laigeqnantitjy  the  term  e       '    is  eyanescent, 

h  •■^* 
and  tfaecnrre  approximates  in  form  to  the ''  logariihmiccnrTe",  jfss  •=  s       t 

so  that  the  ordinates  (y),  or  snrface-width  PQ  increase  very  rapidly  with 
increase  of  depth. 

This  figore  is  perhaps  roughly  approximated  to  in  certain  natural  chan- 
nels in  sandy  beds  ;  the  outline  of  a  sand  bank  near  the  water  surftoe 
often  assuming  the  rounded  form  indicated  by  the  curve  above  PQ. 

Approximate  iohUion  2^.  Agun  suppose  the  bed-width  AB  to  be 
not  necessarily  small,  but  consisting  of  a  material  opporing  much  less 
resistance  to  the  current  than  the  material  of  the  banks  :  in  this  case 
also  the  solution  will  be  approximate ;  and  if  the  bed-width  be  also  small 
compared  with  the  depth,  it  will  be  highly  approximate. 

No  example  of  this  kind  is  likely  to  arise  in  either  natural  or  ordi- 
nary artifidal  channels. 

Approximate  eoltUion  8^.    The  above  consideration  suggests  yet  an- 
other approximate  solution  with  a  totally  different  section. 
Suppose  the  section  rectangular,  and  of  great  depth  compared  with  its 
width,  t.  e.,  of  form  sMbwn  in  cut. 

Here  again  the  effective  wetted  border  is  iq>proximately  ths 
same  as  the  sum  of  flie  sides,  (n^lecting  the  bed-width) :  and 
the  solution  is  approximate ;  and  if  the  bed  be  of  smooth,  and  the 
sides  of  a  rough  material,  will  be  highly  a{^roximate. 
This  Bolutiott  is  not  one  likely  to  meet  any  illustration  in  ordinary 
practice,  but  it  suggests  immediately  a  means  of  testing  direetly  by  ex- 
periment,  whether  the  expression  for  mean  veloeity  17  =  0.  ^'Tif  ought 
really  to  involve  only  one  variable  element,  via.,  hydraulic  mean  depth  be- 
sides elements  depending  on  the  rugosity,  dope,  &c.,  which  are  oonstaat 
at  the  same  place  in  the  same  channel. 
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Thofl,  if  this  law  be  true,  then  such  a  channel  should  be  Approximately 
one  of  constant  mean  Telocity  for  all  great  depths,  and  the  Dischargea 
shoald  therefore  be  approximately  proportional  to  the  depths.  It  is  hardly 
possible  to  conceiye  a  yerification  more  simple  in  application,  if  the  ex- 
periment itself  be  feasible.  Unfortnnately  the  experiment  would  cer- 
tainly be  yery  expensiye  if  done  on  an  adequate  scale. 

[Prefrioug  invntigations.  This  question  has  already  been  investigated  in  Paper 
No.  CliXI.,  VoL  IV.,  of  these  Prof easional  Papers  By  Mr.  F.  E.  Bose,  who  gare  the 
figare  of  the  pair  of  catenaries  as  the  solation :  the  inexactness  of  this  eolation  was 
pointed  ont  in  Paper  No.  CLXXIX.,  hj  Mr.  EL  Gramatiky ;  the  approximate  forms 
of  the  solation  were  pointed  oat  by  the  present  writer  in  a  "  Note  "  at  end  of  Mr. 
Gramatskj's  Paper.  Bat  in  all  these  preyioas  attempts  C  was  assumed  constant. 
In  the  present  Paper  this  nnnecessaiy  restrictioii  is  remored,  and  the  yaloes  of  C 
based  on  all  the  latest  experimental  data  have  been  adopted]. 

A.  C. 
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Giring  diSarent  ralaes  to  x  (the  gntdlent  of  the  line)  from  0  or  deftd 
lerel  ap  to  1  in  4  in  per  thonsindi,  ire  obtein  the  differant  tnin  ireighti 
drewn  by  tlie  locomotiTe.  These  ue  grtphicallj  represented  on  Piatt 
IX.,  vhere  the  gredients  are  the  abseisBS  and  the  trun  weights  the  oc- 
dinatea,  the  locomotive  weights  being  below  and  the  train  weights  above 
the  horuoDtal  axis  A,  A.  Plate  IX.  also  shows,  for  the  sake  of  compari- 
■on,  in  a  similar  way  the  perTonnanceB  of  a  tender  locomotive  on  the 
Engerth  system  as  nsed  on  the  Bemmeriog,  and  those  of  a  tender  loco- 
motive on  the  Uetliberg. 

The  Semmering  Line  has  carves  of  590  feet  radins,  and  the  tnuns  on  it 
travel  at  the  rate  of  10^  miles  an  hoar  on  a  gradient  of  1  in  40.  Their 
locomotJves  have  a  total  weight  of  66  tons,  of  which  19^  tons  fall  on  the 
tiro  axles  of  the  tender;  hence  the  adhesion  weight  is  46^  tons.  The 
drawing  power  of  an  ordinary  locomotive  is  fonnd  by  mnltiplyiog  the 
adhedon  weight  into  the  coeffideut  of  friction  which  is  on  an  average  ^th, 
and  in  favourable  circumstances  ^.  The  Semmering  locomotive  hence 
gives  a  drawiog  power  of  from  —=-  s=  6-65  tons  to  —  =  9-3  tons.     As 

before, 

--    _       6-65  or  9-8       _  6650  or  8800 

Inserting  the  values  x  from  0  np  to  1  in  4  in  per  thoDsands,  we  obtain 
the  performances  on  these  different  gradients.  These  are  shown  on  Plate 
IX.  in  yellow  and  brown  lines- 
Each  of  the  Uetliberg  locomotives,  with  3  conpled  axles,  weigh  25 
tons,  all  avulable  for  adhesion.  Hence  —  =  S-57  tons,  and  -r-  =  5  tooa. 
The  train  speed  on  cnrves  of  590  feet  radius  is  12^  milea. 
8-57  or  600  8570  or  5000 


Hence  G  = 


(+10-726 

1000"^ " 


-=  +  ■010725 


6al»titQtiDg  as  before  the  different  valnes  of  a,  we  obUun  the  blae  and 
red  corres  in  PlaU  IX, 

Hence  we  observe  from  Plate  IX.  that  on  a  gradient  of  1  in  25  the 
Semmering  locomotive  (yellow  line)  is  only  just  able  to  drag  itself  along, 
and  on  steeper  grades  it  cannot  even  do  that. 

On  Plate  IX.  bj  marking  o£f  the  ordinates  on  the  right  hand  vertical 

line,  and  from  it  towards  the  left  hand  marking  the  abscissc  on  the 

HI 
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upper  horizontal  line  the  gradients  increasing  from  right  to  left,  ire  obtain 
cnrres  showing  the  ratio  of  the  weights  drawn  to  the  weights  of  the  lo- 
comotire,  the  quotient  of  the  former  divided  by  the  latter  being  shown 
bj  the  coloured  cnrres* 

Some  of  the  results  of  the  readings  of  the  curyes  from  Plate  IX.  may 
be  shown  in  the  following  Table:— 


Wti«hte 


Oog-vheel 
LooomotiTt 


Uetliberg 
LooomotlTtt 


LooomotiTv 


50 

100 

200 

800 

Trmk^  wtigkU  tii  iermt  of  tkB  wtighU  •/  tk» 

Once  its  own  weight, 
Five  timet  its  own  weighty 
Ten  times  its  own  weight, 
Twenty  times  its  own  weight, 
Thirty  times  its  own  weight, 


Cofrfimioiif/jr. 
lin    18 
lin   28 
lin   50 
lin  83 


Under  fawmrahU 
dreutnstmtees* 


lin  6 
lin  20) 
lin   42 
lin  100 
lui250 


lin  14 
lin  22 
lin  40 
lin   70 


lin  18 

lin  34i 

lin  91 

lin  260 


lin   16i 
lin   80 
lin  840 
nowhere 
nowhere 


lin   Hi 
lin  50 
lin   148 
nowhere 
nowhere 


A  cog-wheel  locomotiye  at  Wasseralfingen  on  a  metre  gauge  weighs  11 
tons,  and  on  a  gradient  of  1  in  12|  draws  a  train  weighing  28  tons,  or 
2}  times  its  own  weight ;  whereas  an  Uetliberg  locomotive  weighing  25 
tons  on  1  in  14^  can  only  draw  a  train  of  its  own  weight 

Wear  of  teeth  and  duration  of  raok-rail. — ^The  results  obtiuned 
from  fourteen  cog-wheel  locomotives  show  that  in  a  locomotive  giving  a 
tooth  pressure  of  6  tons,  the  average  wear  on  the  teeth  is— 

•00000003761  of  an  inch  at  every  touch. 

The  wheel-circumference  is  10^  feet  and  the  maximum  allowable  wear 
•2358  of  an  inch,  which  wear  will  be  reached  after  the  locomotive  has 
run 

'^^^  =  6573«30  feet 


S3  12450  maes. 
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EARTHWORK  ESTIMATES. 


Bt  Major  A.  M.  Brandrbth^  R.E.,  Offg.  Prineipalt  TAamason  C.  E. 
ColUge,  Roarlee. 


Mt  only  excuse  for  entering  the  following  Memo,  on  Earthwork,  which 
was  written  as  a  text-book  for  the  (College  Btadents,  in  the  "  Professional 
Papers  "  is,  that  the  second  place  of  decimals  is  a  kind  of  red  rag  to  me, 
and  I  wonld  fain  hope  that  any  one  who  uses,  it,  will  read  my  argnmenta 
and  become  conyinoed,  and  save  himself  and  others  under  and  over  him 
much  labour  by  omitting  it.  With  regard  to  the  Prismoidal  formula  I 
may  say  the  same,  only  I  do  not  belieye  that  is  extensirely  used.  Hy  Top 
Lift  suggestion,  para.  82,  is  such  an  obyious  improyement  that  I  cannot 
belieye  it  is  mine ;  and  finally,  I  wish  to  ask  consideration  for  Students 
who  join  the  Department  as  young  hands  whenfound  using  these  apparently 
rough  methods  as  they  haye  been  taught.  The  Slope  Table  (Sheet  IV.) 
is  a  handy  thing,  and  can  be  had  at  College.  Book  Depdt,  Price  0-2-0. 
The  colours  are  only  intended  to  keep  the  eye  to  the  right  column  belong- 
ing to  the  particular  estimate  in  hand ;  and  so  with  many  apologies,  and 
no  desire  to  teach  those  who  have  thought  the  matter  out,  I  yenture  to 
start  my  proposals. 

Mbmo.  09  Estimates  for  Earthwork. 

1.  The  elaborate  form  for  earthwork  (aee  Sheet  YD  giyen  in  our 
Estimating  Manual,  and  also  the  treatment  of  the  subject  in  the  Roorkee 
Treatise,  Vol.  I.,  Section  II.,  Chapter  YIIL,  are  not  the  practical  ways 
of  working  out  Estimates.  Part  of  the  following  is  included  in  my  pre- 
yious  Note  on  the  Estimating  Course,  but  I  had  not  then  time  to  work 
this  subject  out  fully.  Even  "  on  the  works  *'  much  unnecessary  labour 
is  gone  through  in  Earthwork  Suryeys  and  Estimates,  because  men  haye 
got  into  a  grooye  and  do  not  thbk  whether  or  no  it  is  the  easiest  one  to 
run  in.  Earthwork  yaries  so  in  circumstances  that  affect  its  shape  that 
explanations  to  embrace  eyen  the  typical  yarieties  must  be  somewhat 
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lengthy,  bat  I  hope  the  following  will  be  found  simple  and  easy  if  taken, 
as  intended,  step  by  step. 

2.  The  general  prindplee  are  the  same  as  for  any  other  estiniates, 
the  estimate  should  be  practically  accurate,  and  should  show  all  the  detail 
that  can  ever  be  required,  and  it  should  be  done  in  the  simplest  form,  ao 
that  if  possible  all  the  work  may  be  done  by  a  clerk  or  other  nninstructed 
estimator.  I  hare  never  found  any  difficulty  in  getting  complete  detailed 
estimates  made  into  my  forms  from  the  plan  sections,  or  indeed  field-book, 
by  the  office  baboo. 

3.  By  practically  accurate,  I  mean  accurate  enough  for  all  practical 
purposes,  t.  e.,  measurement  and  payment  for  work  done.  It  should  be 
remembered  to  start  with — firstly,  that  earthwork  is  measured  by  the  thom- 
sand  cubic  feet,  and  that  the  rate  per  thousand  is  a  small  sum,  Rs.  1-8  to 
Rs.  3  say,  and  therefore  a  difference  of  a  few  hundred  feet,  or  eren  thou- 
sand feet,  in  a  large  estimate,  is  not  of  great  importance ;  secondly,  in  all 
estimates  howerer  close  the  measurements  are  taken,  in  the  estimate  it 
must  always  eventually  be  considered  that  the  lines  and  planes  joining  the 
points  measured  on  the  surface  of  the  ground  are  straight,  while  it  is 
evident  (see  Fig.  1,  Sheet  L)  that  the  natural  surface  must  go  in  curves. 
(Pig,  1  is  a  real  extract  from  the  surrey  this  year  picked  out  by  chance, 
the  curve  is  of  course  only  drawn  as  near  as  I  could  imagine  the  natural 
one  to  be,)  therefore  here  there  must  always  be  an  unavoidable  difference 
from  the  actual  quantities ;  and  thirdly,  that  the  measurements  in  laying 
out  and  measuring  up  the  work  must  differ  from  the  actuals  considerably, 
and  therefore  all  these  three  heads  show  it  is  waste  of  labour  to  attempt 
to  estimate  with  minute*  accuracy,  if  it  does. really  involve  any  labour, 
about  which  I  can  assure  you,  from  painful  experience,  there  is  no  manner 
of  doubt  whatever.  It  should  also  be  remembered  that  you  have  to  satisfy 
contractors  and  workmen  with  your  measurements,  and  they  prefer  simple 
ones  that  they  can  understand,  but  of  course  it  is  always  well  to  get  as 
near  the  real  thing  as  we  can  without  going  to  unreasonable  trouble. 
The  chance  of  arithmetical  error  and  the  necessity  of  arithmetical  check 
are  also  strong  arguments  in  favour  of  very  simple  estimates. 

4.  First  then  to  take  earthwork  estimates  in  the  Plains  where  the  cross 
slope  is  not  taken  into  account.  All  that  the  survey  gives,  or  need  give, 
ia  the  centre  line  of  levels  at  even  distances.  It  will  be  seen  afterwards 
what  trouble  is  given  by  having  the  readings  at  all  sorts  of  intervals,  and 
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it  is  rery  seldom  worth  while  to  attend  to  the  figure  of  the  ground  along 
the  centre  line  in  this  way,  readings  at  eren  distances  give  quite  accurate 
enough  results.  If  there  is  a  sudden  rise  or  fall  which  really  roust  be 
noticed  the  readings  to  its  comers  should  be  made  intermediate  ones  at 
the  correct  distances,  but  the  next  forward  staff  should  go  all  the  same  to 
the  eyen  distancOi  so  as  to  keep  the  complete  distance  to  any  peg  always 
that  number  of  station  times  the  even  distance,  t\e.f  where  I  is  the  e?en 
distance,  station  n  is  nl  from  starting  point.  The  importance  of  this  is 
evident  when  it  is  remembered  that  the  R.  L.  of  the  canal  bed  or  road 
surface  as  the  case  may  be  has  to  be  estimated  at  each  station  by  the  slope 
from  the  first,  and  this  is  a  great  worry  and  moreover  difiScnlt  to  check 
when  the  distances  vary. 

5.  The  difference  then  between  the  B.  L.  of  the  natural  and  artificial 
surface,  either  cutting  or  bank  is  taken  out  for  each  peg  or  station  down 
the  centre  line  at  even  distances  from  100  feet  for  very  detailed  estimates, 
to  500  or  1,000  feet  for  rough  preliminary  ones,  and  the  first  question 
that  arises  is,  what  should  that  distance  be  ?  For  a  final  estimate  for  road 
cr  canal  it  should  generally  be  100  feet  as  the  work  is  given  out  to  con- 
tractors, and  paid  for,  in  100  feet  lengths  in  most  cases,  but  for  trial  or 
preliminary  estimates  a  vast  deal  of  labour  may  be  saved  in  all  ordinary 
country  by  using  as  long  distances  as  the  level  will  read  to.  To  show 
this,  I  mention,  that  I  took  an  estimate  for  a  large  canal  over  100  feet 
bottom  and  40  miles  long  worked  out  to  100  feet  distances,  and  with 
readings  to  two  places  of  decimals,  and  made  a  rough  one  of  the  same 
using  the  readings  at  1,000  feet  apart  taken  to  the  nearest  half  foot. 
The  difference  between  the  two  was  1*6  per  cent.  No  doubt  1*6  per  cent. 
is  a  good  deal  on  a  large  quantity,  but  the  question  is,  is  any  detailed 
estimate  within  1*6  per  cent,  of  the  final  payments,  or  again  within  1*6 
per  cent,  of  the  actual  quantity,  ^th  which  may  be  very  safely  answered 
in  the  negative.  Any  one  can  te^t  this  for  himself  by  treating  any  detaOed 
estimate  as  above.  The  saving  in  labour  in  the  field  and  office  is  great, 
and  therefore  it  should  be  noted  that  great  attempt  at  accuracy  by  frequent 
readings  is  waste  of  time  except  for  final  estimates. 

6.  The  next  point  is  the  accuracy  required  in  the  readings,  and  here 
I  would  put  in  a  word  of  warning  to  young  levellers,  that  mistakes  do  not 
occur  in  the  reading  of  the  hundredths  but  in  the  feet  aAd  tenths.  I  see 
beginners  read  off  5*6  or  i'2f  or  whatever  it  may  be  at  a  glance,  carelessly 
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in  fact,  and  then  spend  minutes  screwing  their  eyes  to  read  the  lOOth 
division  to  a  half  of  itself,  while  all  the  time  the  error  is.  a  foot  or  a 
tenth*  The  golden  rales  are  to  work  at  even  distance  each  side  of  joor 
level  for  back  and  fore  shots,  to  use  the  legs  to  level  the  instrument  and 
the  foot  screws  as  tangent  screws  only,  and  to  take  care  uf  the  feet  and 
tenths  first  However  this  is  aside,  the  question  is  the  accuracy  neces- 
sary in  estimates.  We  must  have  the  second  place  of  decimals  in  the 
field-book,  for  bench-marks,  and  also  for  the  back  and  fore  sights,  as  the 
error  of  only  using  one  place  though  small  may  accumulate,  but  we  may 
at  once  decide  never  even  to  read  an  intermediate  shot  closer  than  the 
nearest  tenth.  And  here  nothing  is  saved  to  your  eyes  if  you  mll^  as 
I  have  seen,  read  to  the  second  place  and  then  enter  to  nearest  first — read 
boldly  to  nearest  tenth  at  onoe-^if  the  wire  is  so  near  the  middle  that  yoa 
cannot  decide  at  once  whether  to  read  up  or  down,  be  sure  it  does  not 
matter  which  you  do. 

7.  In  making  up  the  book  the  intermediate  shots  may  be  called  8*40, 
7-30,  &c.,  and  the  B.  L.  worked  out  as  usual  to  two  places,  which  is  per- 
haps the  simplest  way  (see  Centre  Example,  Sheet  II.) ;  but  whatever 
method  is  used,  the  R.  Ls.  when  taken  (mt  of  the  book  on  to  the  plan  or 
elsewhere,  should  cdwatfa  invariably  be  only  taken  to  the  nearest  tenth.   The 
field-book  may  be,  if  it  is  desired  to  have  the  B.  Ls.  only  to  tenths  at  once, 
made  up  thus  (see  Third  Example,  Sheet  II.) — ^Add  back  and  fore  sights 
and  find  difference,  0*56,  add  this  to  5*51  the  B.  L.  at  top  of  page  making 
6*07,  which  is  of  course  the  last  B.  L.  in  the  page  and  ready  to  carry  over 
to  next  page^  and  correct  to  second  place  so  that  no  error  can  accumulate. 
Then  treat  all  your  readings  as  of  one  place  only,  and  take  out  rises  and 
falls  to  one  place,  and  make  up  B.  Ls.  all  down  page  to  one  place  only, 
using  5*5  to  start  from.    It  is  a  mere  trick  gained  in  a  day's  practice  to 
use  5*07  as  5*1,  and  1*67  as  1*7,  &o.,  vide  Example  of  the  Three  Plans. 

8.  The  middle  plan  is  perhaps  the  best,  as  the  errors  in  a  page  may 
accumulate  to  about  0*2  by  the  last  method.  This  cannot  carry  on  of 
course,  but  certain  pegs  may  be  recorded  0*2  higher  or  lower  than  they 
are.  I  only  note  the  plan  as  suitable  for  trial  levels.  It  will  of  course 
be  observed  that  any  error  even  in  reading  an  intermediate  staff  does 
not  in  any  way  affect  the  accuracy  of  any  but  that  one  point — and  a  cau- 
tion may  be  given,  that  fore  and  back  and  intermediate  shots  should  be  in 
three  separate  columns  always,  as  the  convenience  of  working  is  evident. 
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9.  The  only  points  then  entered  on  a  plan  with  two  places  of  decimals 
will  be  the  B.  Ms.,  and  in  estimates  the  second  place  will  nei>er  appear. 
The  saving  to  the  eyes  in  the  field,  and  in  entries  in  the  field-book  and  on 
plans,  both  in  labour  and  clearness  is  evident  at  a  glance,  and  is  really  a 
▼alnable  quantity  on  both  heads — the  qnestion  is,  is  anything  lost  by  it  ? 
All  we  lose  is  the  accuracy  in  the  R.  L.  of  the  actual  points  on  which  the 
staff  was  put,  t.  e.,  we  may  enter  any  point  0*1  higher  or  lower  aboye  the 
sea  leyel  than  it  really  is.  In  the  first  place,  the  point  is  not  a  reality, 
as  the  staff  is  put  on  a  peg  and  the  cooly  with  the  head  of  his  phdord 
driving  it  treats  the  lOOths  rather  inconsiderately;  and  in  the  second  place 
that  exact  level  can  never  be  found  again  when  you  come  to  lay  the  work 
down;  while  lastly,  you  never  measure  the  work  or  even  give  the  con- 
tractor orders  to  dig  or  bank  to  nearer  than  the  lOths.  Yet  it  is  a  fact 
that  to  this  day  hundreds  of  estimates  are  yearly  worked  out  to  two  places, 
and'plans  smothered  in  extra  rows  of  figures.  I  hope  then  the  Boorkee 
Students  will  insert  the  small  end  of  the  wedge  by  getting  into  the  habit 
of  confining  their  second  places  to  their  field-books  entirely,  and  to  the 
back  and  fore  sights  and  B.  Ms.  in  these. 

10.  In  taking  out  the  bed  or  surface  slope,  say  the  R.  L.  at  starting 
station  is  say  7*2  and  the  slope  is  1  in  5000.  Then  for  100  feet  lengths 
the  drop  is  *02,  but  we  do  not  use  this,  we  take  -1  off  every  fifth  100,  as 
below — we  cannot  dig  closer  than  this,  try  ever  so  hard,  so  why  calculate. 
In  case  the  slope  is  not  an  even  one  like  this,  but  say  1  in  8700, 1  always 
work  out  a  1  foot  to  the  correct  decimal  and  then  change  them  into  the 
nearest  one  place,  and  use  that  order  of  intervals  at  which  to  subtract  0*1 
all  along  thus : — 
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11.  One  other  delosion  should  be  swept  away,  that  is  the  nnmber  of 
readings  required  in  the  cross  sections  of  line  at  each  station.  I  have 
known  a  canal  200  feet  bottom,  for  which  a  breadth  of  350  feet  was 
orossed  by  sections,  eyery  50  feet  with  readings  at  50  feet  interrala  on 
each,  and  the  mean  of  these  7  readings  was  taken  as  the  reading  at  eaeh 
50  feet ;  I  doubt  if  there  is  much  ground  in  the  Plains  where  this  labour 
would  repay  one.  If  the  ground  was  level  but  uneven  the  mean  might 
give  a  nearer  result;  but  if,  as  is  more  likely,  there  was  across  slope,  in  the 
first  place  the  centre  reading  was  probably  the  mean  of  the  seven,  so  th« 
labour  was  wasted,  and  in  the  second  place  it  would  not  give  a  correct 
result  as  I  shall  show  when  I  speak  about  estimates  in  reallj  sloping 
ground  presently. 

12.  Here  was  an  instance  of  the  idea  that  a  number  of  figures  most 
mean  accuracy.  The  principle  I  wish  to  get  you  to  realise  is,  be  accuratf 
by  all  means  but  do  not  fancy  that  a  fiuf?i^  of  figurti  always  means  an  ac* 
euraU  ruuU ;  or  again  that  the  accuracy  gained  by  the  number  of  figurv 
is  in  amount  worth  the  labour  and  extra  chance  of  error  involved. 

13.  For  the  present,  remember  we  have  got  to  the  fact  that  we  hare 
firom  our  plan  or  field-book  the  height  of  bank  or  depth  of  cutting  D 
measured  to  tenths  at  each  station,  and  that  the  stations  are  I  apart| 
which  /  is  always  an  even  hundred  feet  at  all  events. 

14.  The  content  of  the  earthwork  between  any  two  stations,  t. «.,  for 
length  I  is  the  whole  estimate,  as  this  repeated  makes  up  the  whole  line. 

15.  The  usual  practical  way  of  obtaining  the  content  is  to  take  the 

mean  of  the  two  depths,  t.e.,  — ^ — '  say  d,  and  finding  the  cross  sec- 
tion at  this  depth  multiply  it  by  L  Thus  content  =  I  (Bd  +  sd*)  where 
Bd  is  the  central  part  and  8cP  the  two  side  slope  triangles  {see  Fig.  II., 
Sheet  I.) 

16.  This  Lb  quiU  correct  for  the  centre  portion,  i. «.,  as  far  as  the  fi^ 
or  larger  part  is  concerned,  but  of  course  for  the  sides  the  correct  quantitf 
would  be  given  by  the  Prismoidal  formula 

4{D'  +  iy  +  4(^±^')'}or4.(D'  +  D"  +  DD'). 
Instead  of  this  the  simpler  form  U  (—4^ — )  is  used,  and  the  differoBoe 

is  therefore — less  quantity —  Tn  (^  "  ^')'-  Some  men  still  use  the  Pris- 
moidal formula,  and  it  is  given  in  our  College  Example  of  Estimatio^t 
and  on  our  principles  if  this  is  a  material  difierenoe  the  more  oompUoated 
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formula  should  be  used,  but  we  are  equally  bound  to  see  first  whether  it 
is  worth  the  extra  labour  and  chance  of  error  in  calculation.    Let  /  be 

100  feet,  8  =  1-5.     Now  if  D  -  ly  is  0-5  feet  then  ^  (D  -  D')'  =  3 

cubio  feet,  and  3  feet  per  100  feet  length  of  canal  or  road  is  saj  150  feet 
a  mile,  a  quantity  at  ordinary  earthwork  rates  of  Rs.  2  or  3  per  1000  feet, 
certainly  not  worth  any  labour  at  all.  The  difference  assumed,  0*5,  is  a 
very*  fair  arerage  for  100  feet  lengths,  but  the  quantity  varies  as  square 
of  difference,  so  if  D  —  D'  was  even  2  feet,  which  is  absurd  as  an  average, 
the  quantity  per  mile  would  only  be  16  times  150  feet,  or  2,400  feet,  which 
is  really  of  no  consequence  in  a  mile,  while  the  extra  labour  of  using  the 
Prismoidai  formula  is  enormous. 

17.  It  will  not  run  into  any  form  while  the  simpler  formula  so  easily 
does  (vide  Sheet  III.,  Form  I.)  The  estimate  comes  out  in  shape  Bd  +  9d^9 
and  therefore  we  make  the  Form  with  columns  to  fit.  The  actual  depths 
D,  D',  &c.,  are  entered  off  the  plan  to  left  opposite  the  number  of  station, 
(and  here  note  that  this  and  each  succeeding  step  can  be  done  by  any  clerk,) 
the  means  of  each  pair  of  D  and  D'  or  the  values  of  d  are  run  out  into 
next  column,  then  column  Bd  for  centre  filled  in,  and  when  that  is  done 
far  a  page  column  ed^  for  side  slopes  is  filled  in,  and  then  the  two  are 
added  for  whole  area  into  next  column  and  tJien  multiplied  by  I  into  final 
column  of  content ;  of  course  if  Z  is  100,  one  of  these  columns  can  be  dis- 
pensed with.  Now  not  an  unnecessaiy  figure  has  been  put  down  and  erery 
figure  is  recorded.  A  second  man  can  check  the  work  without  using 
another  sheet  of  paper  even.  This  is  a  great  point  to  note  in  all  calcula- 
tions, that  no  scraps  of  paper  should  be  used  and  thrown  away,  only  do 
the  necessary  figures  and  have  a  regular  place  for  all  so  that  all  work  done 
is  recorded  for  check,  it  saves  labour  both  first  and  last.  I  have  gone  into 
detail  over  this  simple  thing  because  it  contains  the  principle  of  the  whole, 
t.  e.,  work  out]  your  estimate  into  an  algebraic  shape  that  can  be  done  in 
easy  steps,  and  fit  your  forms  to  that  shape. 

18.  Naturally  the  question  arises,  but  are  there  not  earthwork  tables 
which  will  give  the  area  of  the  section  or  the  content  for  all  values  of  d. 
The  reply  is — there  can  be  no  complete  ones.  B  varies  for  each  case  and  s 
also  varies,  and  therefore  the  number  of  tables  for  a  complete  section  would 
have  to  hta  infinite.  We  can  however  as  s  has  not  many  usual  values,  have 
tables  for  scP,  for  5  =  1,  «  =  1*5,  a  =  2, «  =:  2*5,  a  =3  3,  &c.,  and  for  any 
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long  estimate  the  eaaiest  way  is  to  make  a  table  of  yalnea  of  Bd  for  all 
expected  Talaes  of  d  and  then  fill  in  column  Bd  from  that.  The  eadest 
wa3(  to  do  that  is  to  enter  the  valaes  of  d  as  in  Table  II.  {see  Sheet  IH) 
between  the  expected  limits,  and  haring  worked  out  the  value  Bd  for  the 
first  entry,  write  0*1  times  B  on  the  lower  edge  of  a  slip  of  paper,  place 
it  above  the  first  entry  add  for  the  second,  move  the  slip  down  one  line  to 
over  the  second  and  add  for  third,  &e.f  checking  at  every  foot.  I  mention 
this  little  plan  merely  as  an  example,  now  there  is  a  better  way  of  doii^ 
everything.  Try  the  difference  of  any  other  plan,  even  adding  the  aame 
put  on  the  top  edge  of  a  bit  of  paper.  Having  got  Table  II.,  values  of  Bd^ 
and  also  Table  L,  values  of  a(P,  it  will  strike  you,  if  you  have  a  long  esti- 
mate that  your  best  way  instead  of  filling  in  Form  L  for  the  whole  eetimate 
will  be  to  make  a  table  in  that  form  for  all  your  expected  values  of  d  once, 
and  then  in  your  long  estimate  you  can  use  a  new  form,  or  the  same, 
omitting  columns  Bd  and  mP,  and  area,  and  fill  in  total  content,  at  once ; 
but  here  you  want  Form  I.  to  make  the  table  of  contents  for  each  value  of 
df  t.e.,  you  will  find  using  Form.  I.  the  easiest  way  you  can  do  it. 

19.    Now  scT  tables  would  be  so  useful  generally  that  I  have  decided  to 
print  them,  and  have  worked  out  a  set  for  0*1  to  20*0  for  five  slopes,  i.  e^ 
0'6, 1, 1*5,  2  and  8  to  1,  correct  to  two  places.dedmals,  but  on  filling  in 
Form  I.  as  a  specimen  as  shown  in  upper  half  herewith,  it  is  evident 
that  about  one  quarter  the  labour  of  addition  was  caused  by  the  last  two 
figures,  and  I  therefore  tried  what  difference  it  would  make  to  omit 
them,  t. «.,  make  the  tables  to  the  nearest  whole  number.    The  result  is 
given  in  lower  half  of  sheet.    The  difference  is  50  cubic  feet  in  500  feet 
length  of  canal,  a  quite  immaterial  quantity,  and  the  saving  of  labour  by 
estimatiDg  in  whole  hundred  feet  in  this  way  is  evident.    This  is  only  t 
short  example,  but  it  will  be  seen  that  the  greatest  error  possible  in  any 
one  length  is  where  0*5  is  made  1*0,  t.  0.,  100  or  I  times  this,  and  therefoie 
the  amount  of  error  we  have  in  five  stations  may  occur  in  one.    In  the 
fint  station  the  error  is  38  feet,  in  first  two  it  is  82,  in  first  three  it  is  Id, 
in  first  four  it  is  86  again.    Sometimes  in  excess  sometimes  the  other  wtf, 
but  very  unlikely  to  accumulate  all  one  way,  and  therefore  on  no  grousdi 
does  it  seem  worth  taking  in  these  two  figures.    Therefore  the  tables  I  hafe 
made  out  (Sheet  IV.,  Table  I.)  are  for  100  cubic  feet,  and  it  only  requires  t 
little  struggle  to  give  up  these  fancied  accuracies.    Now  there  has  not  been 
a  step  hitherto  that  any  clerk  could  not  do,  and  though  much  more  extended 
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forms  are  necessary  for  more  complicated  sections  of  work,  the  parts  of  each 
are  jast  as  simple,  it  is  only  the  nnmber  of  columns  that  is  extended. 

20.  I  give  another  example  (Sheet  V.),  a  portion  of  the  Lacknow  and 
FjTzabad  road,  which  forms  Example  19  of  oar  Estimating  Manual,  as  I 
wish  to  contrast  the  labour  and  the  resnlts  in  the  plan  of  estimate  there 
adopted  and  the  one  I  recommend.  First  notice  that  at  station  33  there 
are  two  readings,  i. «.,  a  sudden  drop  at  the  station,  and  the  means  are  of 
course  that  of  the  reading  at  32  and  0*5,  and  that  of  5*7  and  the  reading 
at  34.  Next,  in  cases  as  at  station  40  and  41,  where  d  is  positive  at  one 
end  of  a  length  I  and  negative  at  the  other,  i.  6.,  if  the  bed  cuts  ground  sur- 
face between  two  stations,  {see  dotted  Example,  Fig.  1,  Sheet  I.)  The 
only  thing  needed  is  to  make  two  lengths  of  the  one  100  with  a  reading 
of  0*0  at  the  junction  and  use  the  correct  length  of  each.  It  can  be  done 
in  smaller  figures  in  the  same  line  so  as  to  keep  the  same  even  number  of 
stations  in  each  page,  as  should  be  arranged  for  all  large  estimates,  half 
a  mile,  or  so  many  thousand  feet  in  each  page.  The  following  method  is 
often  useful  :-^ 

If  jp  is  the  positive  reading  and  n  the  negative,  then  the  length  of  the 

part  of  /  nearest  p  will  be ,     ,    ,,  and  the  other  piece  —r-—  j  or  m  case 

AR  17 

40  and  41,  ^rr-Tn  »nd  5~rvT>  ^^^"^^  70  and  30  feet.    In  Example  19, 

oo  +  17  oo  +  17 

50  feet  has  been  taken  for  each,  and  I  have  adhered  to  this  to  allow  of 
comparison  of  my  estimate  with  the  other. 

21.  The  great  difference  is  in  stations  38  and  39  and  in  the  last  four 
stations  which,  in  Example  19,  are  lumped,  t.  e.,  32,874  and  22,996 
against  33,300  and  24,300  as  gi?en  by  my  method,  but  if  these  stations 
are  worked  out  separate  in  the  same  way  and  form  as  the  rest  of  the 
estimate,  {ne  Sheet  VI.,  Form  Y.,)  it  will  be  seen  that  the  correct  results 
are  33,258  and  24,208,  so  I  am  actually  nearer  than  the  example.  The 
labour  of  estimating  in  the  two  forms  will  not  bear  comparison.  To  begin 
on  Form  Y.  it  is  necessary  to  work  out  a  Table  of  Sections,  and  this  cannot 
be  done  in  an  easier  way  than  by  doing  my  whole  estimate,  and  yet  after 
this  there  is  all  the  labour  shown  in  Form  Y.  all  for  nothing  at  all,  to 
produce  exactly  the  same  result,  to  all  real  intents  and  purposes. 

22.  Note  that  though  two  places  of  decimals  were  used  in  all  the 
entries  and  means  of  depths  at  considerable  labour  the  next  moment 
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they  had  to  be  abandoned,  as  the  Table  of  Sections  is  only  made  to  tenttis. 
In  hundredths  it  woold  have  been  quite  too  Yolnminous.  Note  also  that 
centre  column  of  areas  is  not  plain  extract  from  the  Table  it  is  four  times 
the  extract — and  last  column  is  one-sixth  of  the  total  of  three  prenoos 
columns.  I  have  shown  this  for  one  line  in  Form  Y.,  if  not  recorded 
it  would  all  have  to  be  done  again  if  the  estimate  has  to  be  checked. 
Note  too  the  extra  labour  caused  by  the  decimals  in  the  Table,  t.  e.,  com- 
pare the  work  done  in  stations  56  to  60  in  Form  Y.,  and  in  my  estimate, 
even  supposing  the  Table  for  that  particular  section  was  ready  to  hand, 
which  is  absurd.  It  is  all  absurd— -not  real — and  though  you  may  think 
that  in  stations  56  to  60  there  is  not  much  difference  after  all.  wait  till 
you  have  worked  out  a  long  estimate. 

23.  To  return  to  our  forms  let  us  take  a  more  difficult  section  than 
the  first,  say  a  canal  with  a  fixed  bottom  width  B,-8ide  slopes  «  to  1,  and 
banks  of  breadth  together  equal  T  at  top  and  height  h  above  the  bed, 
to  be  made  whenever  the  depth  of  the  excavation  is  less  then  h.    This  h  is 
fixed  of  course  a  certain  height,  2  or  3  feet  say  above  the  full  supply  lereL 
Here  we  may  have  all  cutting  or  all  bank  or  some  of  both,  {vide  Figs.  3, 4 
and  5,  Sheet  I.,)  and  there  may  be  too  much  earth  excavated  which  has  to 
be  disposed  in  spoil  banksj  or  there  may  be  too  little  for  the  banks  so 
that  the  extra  quantity  has  to  be  obtained  from  side  tanks^  and  as  these 
spoil  banks  and  side  tanks  have  to  be  arranged  for,  the  estimate  mnst 
give  us  all  detail  in  quantity,  not  merely  the  .total  quantity  of  earth- 
work.    It  must  do  this  if  it  is  a  detailed  or  final  estimate.     If  it  is  onlj 
an  approximate  estimate,  and  we  only  want  the  total  quantity,  the  plan  is  in 
each  length  to  calculate  either  the  excavated  channel  or  the  made  banks 
according  to  which  is  greater,    Thns,  if  for  any  sized  canal  we  find  by  • 
few  trials  the  depth  of  excavation  which  just  gives  enough  earth  for  the 
banks,  and  call  this  depth  e,  then  whenever  the  depth  is  greater  than  e, 
we  calculate  the  excavation  only,  and  wherever  it  is  less  than  e,  we  calco- 
late  the  made  banks  only. 

24.  For  a  section  of  this  detail  the  general  Algebraic  form  to  inclode 
all  these  cases,  is 

Excavated  channel,        Bd  +  sd^  bb  before, 

Banks,     T  (A- d)  + 2«  (A  -  d)«. 

The  second  expression  for  the  banks  is  merely  two  of  the  other,  as  it 
were.    The  sections  are  exactly  the  same  only  upside  down,  and  of  height 
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or  depth  (A  —  d).  The  form  then  will  be  as  Form  II.,  Bheet  YII.,  to  ac- 
commodate the  above  expression,  and  to  fill  in  is  jnst  as  simple  as  Form  I., 
only  takes  a  little  longer.  I  have  omitted  the  colnmn  for  multiplying  by  I 
given  in  Form  I.  in  this  and  Form  III.,  as  I  is  always  100  and  so  the 
colnmn  is  not  needed.    It  can  be  added  of  coarse  if  another  length  is  nsed. 

25.  An  example  of  ten  stations  is  given  showing  all  the  cases  that 
can  occur.  The  first  three  columns  as  before  give  us  the  values  of  d.  The 
next  step  is  to  fill  in  column  H,  or  A  —  d,  omitting  entries  when  d  is  greater 
than  A  or  A  —  d  is  negative,  in  this  case  there  will  evidently  be  no  bank 
so  no  calculations  are  made.  Similarly,  when  d  is  negative  there  should 
be  no  calculations  of  channel  as  then  there  is  evidently  no  actual  excavated 
channel.  It  is  necessary  to  enter  the  negative  values  of  d  to  obtain  A  —  d, 
which  in  this,  i.  e.,  the  third  case  is  the  sum  of  A  and  d. 

26.  Columns  L  and  M,  Spoil  and  Tank,  are  evidently  the  difference  of 
column  D  and  K  according  to  which  is  greater,  while  column  M,  Total 
Excavation,  is  the  entry  in  either  column  D  or  K  according  to  which  is 
greater. 

27.  Each  column  can  be  filled  in  by  any  clerk,  and  Tables  made  for 
them  in  just  the  same  way  as  before.  Always  noting  to  work  one  column 
at  a  time,  down  the  paper  not  across,  t.  e.,  all  entries  of  one  sort  at  once, 
then  another  sort,  and  so  on.  Each  step  is  necessary,  each  can  be  checked. 
In  this  form  it  will  be  observed  that  the  filliug  between  banks  when  bed 
is  above  ground  is  not  provided  for,  t.  e.,  the  triangle  ELMF,  or  as  it 
would  usually  be  a  trapezoid,  (see  Fig,  5,  Sheet  I.)    Up  to  the  limiting 

case  here  shown  where  d  is  as  large  as  •^,  a  quite  impossible  case,  the 

area  would  simply  be  Bd  —  scP,  and  might  be  entered  if  desired  in  small 
figures,  or  with  a  negative  sign  to  distinguish  it  from  channel  excavation^ 
in  columns  B  and  0,  Form  IL,  and  the  difference  taken  into  E.  There 
would  be  no  other  entries  in  B  and  G,  as  d  is  negative  in  this  case. 

28.  If  we  are  making  a  rough  estimate  using  e  we  fill  in  either  channel 
or  banks,  and  take  on  into  total  leaving  other  columns  blank.  In  this 
example,  e  s=  8*4,  so  in  the  first  8  entries  excavation  only  would  be  cal- 
culated and  in  the  last  three  the  banks  only. 

29.  To  go  one  step  farther  and  take  a  more  complicated  case  of  section, 
subtituting  Fig.  6  for  Fig.  8,  or  arranging  to  dig  out  tow-paths  or  roads 
of  width  B  at  the  fixed  height  A  when  d  exceeds  A.    Then  Form  III.,  Sheet 
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YIII.y  which  is  only  an  increase  of  a  column  or  two  on  Form  II.  giT« 
eyerything.      The  detail  aboat  top  and  bottom  lift  is  a  new  item  to  be 
explained  presently.    Here  the  expressions  for  the  three  cases  possible  for 
the  section  as  in  the  figares  are- 
Centre  channel,    Bd  +  tcP 

Tow-paifaSy    £(d  — A) 

Banks, T  (A  —  d)  +  2^  (A  ->  d)* 

and  the  form  as  before  is  only  so  many  separate  columns.  If  the  same 
rule  as  before  is  followed,  f.  e.,  make  no  calculations  in  that  particalar 
colamn  when  d,  or  d  —  A,  or  A  —  d  in  the  heading  is  negatiye,  all  will 
come  out  right.  It  is  just  as  before  for  centre  and  banks,  and  if  in  tow- 
paths  (d  —  A)  is  negatiye  there  are  none  as  d  is  less  than  A,  t.  0.,  it  is 
either  Fig.  2  or  8.  The  columns  A  to  E  are  filled  in  as  before  one  at  i 
time,  then  spoil  is  column  D  and  F  less  column  K,  or  rather  it  is  D  +  ^ 
er  D  —  K,  as  there  can  be  no  entry  in  F  and  K  in  the  same  line,  t.  €l,  is 
the  same  100  feet  length  of  canal.  If  K  is  greater  than  D  this  is  th« 
excavation  from  tanks  necessary  to  complete  banks  and  goes  in  column  M; 
and  lastly,  the  total  is  given  in  N,  by  D-hF  +  M,  or  rather  D+  F  or 
D  +  M,  as  F  +  M  do  not  occur  in  the  same  line. 

30.  The  same  remarks  apply  as  before— there  is  no  labour  wasted. 
Every  figure  put  down  here  would  have  to  be  put  down,  and  any  clerk  csn 
do  each  line  in  succession ;  if  he  is  very  slow,  explain  one  at  a  time  and 
let  him  do  it  first,  and  then  ask  how  he  shall  fill  in  the  next  column.  U 
less  detail  is  needed  columns  may  be  omitted  as  shown  in  case  of  Form  H* 
We  can  work  with  a  here  also. 

31.  Any  other  form  of  section  would  be  arranged  in  the  same  way,  the 
Form  would  be  arranged  to  suit  the  algebraic  expression  for  the  section' 
For  a  long  estimate  this  should  be  done  in  the  form  of  a  table  for  all  likely 
depths  by  tenths  in  order,  first,  and  then  the  actual  estimate  filled  in  to  a  form 
with  one  column  for  d  and  another  for  content  or  such  details  of  content 
as  are  wanted,  from  this  table. 

82.  Lastly,  there  are  the  colunms  at  the  end  of  Fonoi  III.,  called  Top 
and  Bottom  Lift,  which  I  believe  to  be  a  novelty  and  well  worth  introdnctioD 
for  working  estimates  and  payments.  Work  is  always  or  often  done  and 
paid  for  roughly  in  lifts,  of  a  certain  depth,  thus  16*5  deep  excavation  would 
perhaps  be  in  five  lifts  of  3  feet  each,  and  an  odd  one  of  1*5  feet,  liy  ides 
is  to  luiTe  the  odd  lift  first  and  thm  the  regolar  3  feet  ones  to  th9  bottom. 
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The  result  of  the  change  on  the  aaaal  reverse  practice  of  haying  eyen  lifts 

from  the  top  and  the  odd  one  to  finish  np  with  is,  that  the  lifts,  nnmbered 

from  the  bottom,  are  the  same  content  and  work,  erery where  as  long  as  the 

bottom  widtl)  is  the  same,  instead  of  varying  with  the  depth  of  excayation. 

Thas  if  the  bottom  width  ia  112  feet,  side  slopes  1*5  to  1,  the  first  lift  is 

112  X  3  +  1*5  X  3>  =  350  feet,  and  each  lift  above  this  is  2  X  8'  or 

18  feet  additional.     If  the  depth  is  11*8  there  is  first  one  of  2*8  feet  then 

three,  t. «.,  Nos.  3, 2  and  1.    If  it  is  16*7  there  is  first  one  of  1-7,  then  Nos. 

5,  4,  3,  2,  1 — same  nambers  have  same  content  all  down  the  line.    The 

saving  in  check  measurements  and  avoidance  of  confusion  would  be  really 

very  great.    The  sums  to  be  paid  for  each  lift  would  be  household  words 

and  no  reference  to  books,  &c.,  would  be  needed.    As  a  rule,  the  first  odd 

lift  would  be  kept  in  hand,  not  paid  for  till  the  end,  so  that  the  payments 

would  be  just  for  the  lift  according  to  its  number,  and  there  would  be  but 

a  few  different  sums  to  pay,  as  ten  lifts  means  deep  digging.    The  final 

payment  would  be  for  the  whole  section  less  what  had  been  paid  for  lifts. 

If  it  is  desired  to  pay  the  first  lift  it  is  only  the  difference  between  the 

total  section  and  so  many  lifts,  which  could  very  soon  be  run  out  for  miles 

of  line.      The  printed  forms  for  some  Canals  contain  columns  for 

this,  bat  they  are  a  business  to  fill  in  as  they  begin  the  even  depth 

from  the  top.    I  have  put  similar  columns  in  Form  III.     Oolumn  O  is 

just  the  number  of  lifts,  t. «.,  the  times  3,  or  whatever  the  lift  depth  is,  goes 

into  d.     Oolumn  P  is  content  of  this  number  of  lifts,  filled  in  from  a 

scrap  of  a  table  containing  content  1st  lift,  content  1st  two  lifts,  Ist  three, 

&c.,  and  oolumn  Q  is  just  the  difference  between  this  and  column  D, 

when  there  is  no  entry  in  F,  and  column  N  when  there  b  any.   The  Table 

of  Lifts  will  include  the  tow-path.   £ut  as  I  said  before,  I  should  not  put 

these  in,  but  keep  the  top  lift  in  hand  and  pay  only  the  regular  even 

lifts. 

83.  In  Hill  Road  making,  and  possibly  in  some  other  cases,  it  is  neces- 
sary to  take  the  cross  slope  into  account.  Let  us  first  consider  the  cross 
slope  as  a  strught  line  («ee  Fig.  7,  Sheet  I.)  The  data  given  by  the  survey 
at  each  peg  on  the  centre  line  of  the  road  would  be  the  height  or  depth  of 
road  surface  from  the  peg,  or  C  H,  and  the  cross  slope  of  the  ground,  either  by 
two  levels  or  by  angle.  We  want  to  find  out  the  area  of  cutting  and  bank 
at  the  station  and  also  the  measurements  to  the  points  GB  and  CB'  on 
the  alopiBg  ground.    The  only  satisfaotoiy  way  to  do  this  is  to  draw  a 
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good  diagram  and  meaBure  on  it,  calcnlation  is  very  laborions  and  a  mis- 
take as  the  data  even  are  not  really  exactly  accarate,  and  therefore  the 
measaroments  from  diagram  are  just  as  likely  to  be  right  as  calculations. 
Bat  for  a  long  road  with  many  sections  a  nambcr  of  diagrams  is  a  con- 
siderable labonr  and  a  very  cumbrous  record,  and  I  should  therefore 
adopt  a  plan  as  shown  in  Sheet  VIII.,  Figs.  1  and  2  and  Form  IV. 

34.  The  section  of  road  with  indefinite  slopes  is  drawn  out  in  Pig.  1, 
and  scales  marked  on  it,  those  on  the  slopes  are  the  vertical  heights  and 
depth  carried  across,  but  double  the  scale  so  as  to  read  half  the  real  height 
Fig.  2,  which  must  be  drawn  on  tracing  cloth,  is  the  ground  surface. 
The  centre  dot  is  adjusted  over  the  correct  cutting  or  bank  on  the  centre 
line,  {Fig.  1,)  and  to  the  correct  slope  also  by  the  angle  lines  for  the  pur- 
pose, or  by  another  reading  of  height  above  road  at  the  half  width  adjust- 
ed by  the  scale  at  this  point,  and  all  dimensions  needed,  and  also  the 
base  and  half  verticals  of  the  triangles  of  cutting  and  bank  can  be  read 
off  into  Form  IV.  at  once.  This  needs  no  explanation,  except  tliat  the 
arrangement  here  is,  that  if  there  is  more  than  the  breadth  of  road  in 
either  cutting  or  bank  it  is  taken  out  level  to  hUl  side — see  figures  in 
corner  of  Sheet  YIII.  of  Extreme  Sections.  Form  IV.  makes  a  conveni- 
ent record  of  the  work,  and  in  this  the  detail  of  any  length  of  road  could 
be  carried  in  the  pocket. 

35.  For  the  Estimate  Form  IV.  gives  the  areas  of  the  sections.  Now, 
let  a  and  a!  be  the  areas  at  the  ends  of  a  length  I  and  m,  the  section  at 
the  middle  point— not  the  real  section,  but  supposing  a  and  a  connected 
by  straight  lines — then  for  the  content  of  the  prismoid  we  may  either 

take  roughly  I.  ^'^^  ,  or  correctly  Z .  "        T         '    ^®  difference  is 

^'^^"^sT  "">  '^^  ^  ^^  seems  that  this  may  be  an  appreciable  amount,  I 
have  drawn  out  Form  IV.  to  work  the  correct  formula.  Thus  the  entries 
of  d  And  cross  slope  at  the  numbered  stations  are  the  actual  Field-book 
measurements,  and  give  a  and  a\  and  the  unnumbered  lines  contain  the  en- 
tries  for  means  which  will  give  m.  The  working  is  plain  from  the  example 
given.    In  the  first  length  a  +  a'  is  156  + 126  =  282,  and  2  m  is  2  x  142 

=  284,  so  that  the  error  in  using  -^  would  be  100  X  f ,  or  70  cubic  feet. 

13  8 

In  the  next  station,  it  will  be  40  X  -^  and  60  x  p  with  different  signs, 

or  about  13  cubic  feet;  in  the  third,  it  is  2,800,  an  appreciable  quantiiy  as 
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tins  is  an  extreme  case.  But  the  abore  shows  that  the  differences  maj  be 
considerable,  and  therefore  the  Prismoidal  phonld  be  nsed.  It  may  be  ob- 
served  the  areas  at  the  actually  measured  stations  may  be  entered  in  the 
*'  detail "  column  at  once.     There  is  no  need  to  enter  them  twice. 

86.  In  Hill  Roads,  or  indeed  any  section  where  the  ground  surface 
cannot  be  taken  as  a  straight  line,  quite  another  arrangement  is  necessary, 
but  here  the  utmost  detail  of  measnrement  that  could  be  justified,  would 
be  readings  on  each  cross  section  line  at  even  horizontal  distances  from 
the  centre,  to  both  sides  {see  Bheet  IX.)  The  extra  accuracy  of  each  sec- 
tion gained  by  readings  to  the  special  angular  point  on  each  cross  section 
at  uneven  distances,  such  as  P,  P  in  figure,  would  be  quite  swallowed  by 
the  inaccuracy  of  the  necessary  supposition  that  these  comers  of  any  two 
adjacent  sections  are  joined  by  straight  lines.  For  the  same  reasons,  it 
would  be  entire  waste  to  use  the  Prismoidal  in  a  case  like  this,  and  all 
that  can  be  hoped  for  in  this  case  is  a  fair  average  result,  and  the  point 
is  to  arrange  that  the  calculation  shall  be  possible. 

37.  I  never  had  to  estimate  to  this  exactness,  but  if  I  had  I  should 
adopt  some  such  form  as  No.  5,  Sheet  IX.,  commencing  with  my  Field-book. 
It  appears  as  simple  a  one  as  will  record  and  work  out  all  the  information 
required.  I  have  given  two  stations,  both  plotted,  and  arranged  Form  V.^ 
Bheet  IX.,  underneath,  and  worked  out  to  decimals  to  show  process,  not 
that  in  practice  I  should  enter  them.  The  top  line  of  the  set  of  three  at 
each  station  is  the  R.  Ls.  or  readings  at  the  section  at  the  even  distances 
6,  say  5  feet.  N,B, — I  should  make  it  quarter  or  some  even  fraction  of 
the  road  width.  The  second  line  is  the  same  for  the  road  surface,  to 
right  the  rise  for  slope  is  added  and  to  left  the  fall  deducted.  In  this 
latter  case,  t.  c,  to  left,  if  the  road  is  in  cutting  at  B,  no  deduction  for 
slope  is  made,  it  is  carried  out  level  as  in  second  example.  Similarly 
if  road  is  in  bank  at  A  no  addition  is  made  for  slope.  The  third 
line  then  gives  the  Bank  and  Cutting  at  each  peg  on  the  cross  section 
The  change  of  sign  shows  where  the  road  and  ground  surface  cut,  the 
second  change,  as  in  first  line  showing  where  the  slope  again  cuts. 

38.  To  work  out  estimate  of  areas  of  the  cutting  there  are  two  little 

triangles  and  a  centre  figure.    The  triangles  are  as  before^  x  -3--, the 

centre  is  5  X  sum  of  \  first  and  last,  and  all  the  intermediate  ones  of 
the  positire  quantities.   These  are  entered,  omitting  the  common  factor  (, 
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and  multiplied  by  it  after  being  added  together  at  one  operation.  If  h 
cauie  an  nneven  quantity,  say  ^  of  a  17  feet  road,  a  table  of  roaltiplea  of 
4*25  would  pay.  The  estimate  is  mean  of  areas  mnltiplied  by  /.  Thkk 
all  step  by  step  work  on  plain  rules,  can  be  done  line  by  line  as  befora. 
The  distances  to  right  and  left  horizontally  measured  are  so  many  spaces 

as  there  are  positive  quantities  to  either  side  of  centre  -f-  &     ^  ■  . 

39.  Exactly  the  same  process  carried  out  to  left  hand  would  give  the 
bank. 

40.  In  the  case  of  a  Large  Canal  or  Road  in  the  plains,  I  do  not  myself 
believe  that  the  cross  slope  would  often  be  worth  taking  notice  of,  but  1 
have  seen  a  case  of  a  large  canal,  as  I  mentioned  before,  where  the  order 
was  for  cross  sections  at  every  50  feet  to  150  feet  each  side  of  centre  line, 
with  readings  at  every  50  feet  on  them.  The  mean  of  the  seven  readings 
on  each  cross  section  was  taken  as  the  mean  R.  L.  of  the  section,  and  for 
each  100  feet  length  of  canal  excavation  d  was  the  fourth  of  the  sum 
of  the  extreme  means  and  twice  the  centre  mean.  Now  this  was  a  very 
great  deal  of  labour,  the  question  is,  was  it  well  expended,  t.e.,  was  the 
accuracy  gained  in  result  worth  it  7  If  the  ground  was  generally  level 
but  uneven  it  would  give  a  more  correct  result  than  chancing  the  centre 
readings  to  be  average.  I  should  in  this  case  even  doubt  whether  it  was 
worth  the  labour. 

41.  But  if,  as  is  more  generally  the  case,  the  nnevenness  is  by  way  of 
a  cross  slope,  the  mean  reading  is  very  near  the  calculated  mean — and 
also  what  is  more  important,  the  mean  will  not  give  a  correct  result  at 
all,  but,  taking  an  extreme  figure  to  show  it  plainly,  it  will  be  wrong  by 
triangle  ADB  (see  Fig,  8,  Sheet  I.)  If  then  the  slope  is  worth  re- 
garding at  all  it  must  be  regarded  in  another  way,  u  e.,  one  that  will  at  all 
events  tend  to  an  accurate  result.  I  am  not  sure  that  the  form  of  book, 
Sheet  IX.,  given  for  hill  roads  would  not  be  as  simple  as  most  in  a  case  of 
real  irregularity.  We  save  all  the  labour  of  taking  the  means  of  the 
readings,  and  I  doubt  is  the  total  work  greater  than  any  other  form.  Of 
course  the  left  side  would  go  up  as  the  right  only  does  in  this  case,  in 
fact  the  section,  &c.,  would  be  of  canal  not  road.  But  if  the  ground  is 
really  sloping,  perhaps  a  way  of  finding  the  value  of  triangle  ADB  in 
each  case  might  be  simplest.  The  calculation  would  then  be  made  for 
the  mean  depth,  i.  e.,  AA'H  s=  ADB'H), and  ADB  added.    As  the  cal- 
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culatioQ  will  only  be  for  the  small  portions,  ADB,  they  need  not  atteoipt 
any  great  aocuracj.  It  may  be  well  also  to  hare  a  way  of  deciding  how 
far  the  slope  affects  a  case.  The  arrangement  for  this  may  be  shown 
in  Sheet  X.  and  Form  VI. 

42.    The  point  E,  Fig.  2,  then  represents  the  same  as  E  in  Fig.  1.     It. 
is  only  neoessaiy  to  coBstmct  a  figure  similar  to  Fig.  I  for  each  seetioa 
required  (i,  e.,  each  yalne  of  d)  round  £  on  Fig,  2,  and  record  the  di- 
mensions.   Fig,  4|  a  stiff  straight  scale  is  adjusted  with  its  zero  at  the 
correct  half  breadth,  t. «.,  EO  on  EA'  and  at  the  given  slope,  either  by  the 
protractor  at  its  left  end  or  by  the  difference  in  level  at  the  half  width 
on  £F.    It  then  represents  the  ground  surface.     Fig.  8,  which  is  really 
ADB,  or  rather  the  two  sides  of  it  indefinitely  prolonged,  is  slid  along 
line  EA',  Fig.  2,  till  the  scale  on  its  bottom  edge  makes  EA  to  right  of 
E  equal  to  the  depth  of  the  excavation.    This  scale  is  made  $  times  the 
real  scale,  as  EA  is  equal  «  X  GH.    The  area  of  the  triangle  out  off  by 
Fig.  4,  the  ground  line,  is  then  read,  base  on  right  and  half  height  on  left 
side.    As  in  this  case  the  cross  slope  would  not  vary  often,  it  would  not 
be  a  very  troublesome  job.    If  it  did  even  it  would  be  no  worse  tbsn 
making  sections.    All  entries  required,  including  the  widths  at  which  the 
cutting  commences,  on  each  side,  are  made  in  Form  VL    If  the  section 
of  the  canal  was  as  given  in  Form  III.,  it  would  only  be  necessary  to  ftdd 
the  width  of  the  tow-path  to  the  half  width  set  off  with  the  scale  on  £A\ 
when  d  read  over  the  height  fixed  for  the  tow-path  or  h.    Working  with 
this,  it  will  be  seen  that  where  the  cross  slope  was  5°,  depth  10  feet, 
bottom  width  200,  the  mean  reading  gave  an  error  of  about  100  feet  in 
section,  or  10,000  cubic  feet  per  100  feet  length.    This  b  a  difference  of 
7  feet  about  in  the  half  width  which  is  of  course  rather  an  extreme  case. 
A  difference  of  level  of  1  foot  in  the  half  width  of  100  makes  about  20 
feet  difference  in  section,  or  2,000  feet  in  the  content  of  the  100  feet.  An 
instrument  of  this  kind,  which  any  one  can  make  for  himself  to  a  good 
large  scale  on  a  sheet  of  paper,  and  using  a  HoltzapffePs  card  scale,  will  at 
all  events  tell  him  whether  the  slopes  of  ground  he  has  to  deal  with  are 
worth  noticing,  and  when  they  are  so  will  give  him  the  areas  quite  ac- 
curately enough. 

48.    I  will  just  enter  the  practical  method  of  finding  the  side  widths 
on  the  ground  given  in  the  Treatise.    It  is  applicable  to  any  case,  no  matter 
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how  irregolar  the  cross  slope.    The  principle  is  that  BN  =  —  for  am^ 

point  in  the  side  slope  (see  Fig.  9,  Sheet  I.)  We  hare  only  then  to  find 
a  point  on  the  ffround  fulfilling  the  above  condition  and  we  know  it  must 
be  in  the  side  slope  also.     If  then  we  mark  a  the  horizontal  position  of  A 

on  the  ground  distant  -^  +  ad,  from  0,  and  measure  from  it  any  trial  hori- 
zontal distance  AX  =  a;  to  a  point  T,  and  then  take  the  difference  of  lefd 
between  C  and  Y  =  y,  if  y  happens  to  come  equal  to  *  we  know  we  must 
be  on  the  point  B.  If  jr  is  greater  than  ^  we  see  ne  must  be  aboTe  tht 
cross  slope  and  therefore  must  increase  our  trial  x^  and  vice  versd  if  f 
is  less  than  -  we  must  decrease.    Similarly  if  we  are  at  the  down  slope, 

only  in  this  case  x  must  be  measured  inwards  from  q\  The  ox^ly  practi- 
cal difiSculty  is  the  measurement  of  C  A  and  AX  horizontally. 

44.  In  conclusion^  you  will  obserye  that  Earthwork  is  not  so  simple, 
I.  e,j  cannot  be  arranged  for  in  one  form,  but  that  each  case  should  be  ar- 
ranged for.  I  sincerely  trust  no  one  will  think  I  adTOcate  any  carelees  or 
inaccurate  work,  but  let  us  work  with  our  eyes  open.  Let  us  utteriy  avoid 
the  second  place  of  decimals  except  where  we  know  it  is  neoessaiy,  and 
let  us  aroid  laborious  estimates  which  gire  no  better  results  than  Teiy 
much  shorter  and  simpler  forms. 

A.  M.  B« 
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No.  COLXXIX. 


ON  EXPERIMENTS  WITH  SLEEPERS  AT  HOWRAH  ON 

THE  EAST  INDIAN  RAILWAY. 

{r%d$  FUte.] 


Bt  Capt.  H.  WiLBEKFoacB  ClaekBi  R.E.J  Ofy.  Dty.  Consulting 
Engineer  to  ike  Oovemment  of  India. 


In  October  1877,  it  was  proposed  to  submit  certain  forms  of  sleepers 
to  competitive  trial. 

At  Howrah  a  siding  2,000  feet  in  length  was  thrown  np  oa  which 
the  experiments  were  carried  ont. 

The  east  end  of  the  siding  was  at  mile  1,  and  the  west  end  at  a  point 
400  feet  beyond  the  Distant  Signal  of  Howrah  Station.  The  whole  was 
on  a  curre,  the  radius  of  which  was  5,200  feet. 

The  line  was  laid  on  formation-leyel,  and  so  far  completed  on  6th  Noy- 
ember  1877. 

2.    Beginning  from  the p  end  of  the  siding,  the  following  sleepers 

were  laid  in  lengths  of  50  feet  for  trial : — 

a.  Greaves'  iron  bowls,  1'  10|"  in  diameter. 

h.  Denham's  flat  iron-plate-sleepers  with  flat  tie-bar. 

c.  Olpherts'  flat  iron-plate-sleepen  with  round  tie-bar. 

d,  Norway-pine-oreo8oted  sleepers,  lO'  X  10^  X  6". 

From  their  position,  the  Denham  and  Olpherts'  sleepers  were  subjected 

to  a  more  severe  test  than  the  other  two  kinds  of  sleepers,  as  the  speed 

of  the  engine  which  traversed  the  siding  was  greater  in  the  centre  than 

at  the  two  extremities. 
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2  ON    SXPBRIMBirTS   WITH    BLBBPER8    AT   BOWiUH,    BTO. 

8.    The  foUomng  Table  shows  the  weight  of  one  CMt-irco  bowl-sleeper 
of  the  Greayes'  pattern  {Fig.  1) : — 


No. 

Details. 

2 

Cast-iron  Gieavea'  bowl-ikepm. 

••• 

•  •• 

•  •• 

1 

xie-Dar^    •••      ^  «,«  .      •#•        ••• 

•  •• 

■  •• 

•  •• 

4 

GiU  and  gotten  (8  of  each),     ... 

•  •• 

••• 

••• 

2 

•■••CyS,'          ■••              ,«a              .•«              ,sa 

••• 

••• 

■  •• 

Total  weight  of  one  bowl-sleeper  oomplete,    ••• 


The  following  Table  shows  the  cost  of  one  mile  of  way : — 


No. 

DetaUs. 

Rata. 

Amoant. 

Bs.        VtAL 

Bs,      A.   P. 

400 

Bails,  10,660  feet, 

lA 

foot 

12,540    0    0 

i,aio 

Sleepers,  Greayes'  bowl  (complete), 

8-3-2 

each 

15,084    2    8 

980 

fish-plates,          

a 

M 

576    0    0 

1,840 

Bolts  and  nnts^     

m 

100 

230    0    0 

129,030 

Culno  feet  of  ballast,  aa  for  timber- 
sleepers,             „.        ,„ 

4 

•  •• 

5,161    0    0 

Total  cost  of  one  mile  of  way  laid 
bowl-sleepers, 

with  GveaTCs' 
•••        ••• 

33,590    5    8 

4.    Fig.  2  shows  th^  nature  of  Denham's  cast-iron  sleepers. 


*  Tbe  woodan  ktj  iM  V  loo*. 
2|'  X  S'  at  oae  en4, 

^  ^  ^'  '^  ^«  oth«  »<!• 

TIm  mtan  Motional  arM  is  5*Mft  lachoo. 

Th»  content  la  44*68  onbio  Inobet. 
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The  following  Table  diowi  the  weight  of  ooe  Denhein  tieeper  com- 
plete:— 


Ko. 

DetailB. 

Weight  la  Ibi. 

2 

I 
8 
2 

2 
4 

Bearing  plates,  Denluun'fl  pattem,*      

Tie-har, , 

likeyBy        ••«        •••        as,        ,«.        ,•,        «.,        ,«. 

Chain,      , 

Qibs  and  eotten, ... 

Bolts  and  nuts, 

Total  weight  of  one  Deoham  sleeper  eompkie,    ... 

163*65 

12-5 

2*68 

4iH) 

2*ft 

4-87 

235-0 

Messrs.  Thomson  and  Browning  claim  for  the  Denham  sleeper  the 
following  adTantages  :— 


(1.)  That,  in  the  case  ef  lines  already  laid  with  sleepers  and  dkairs^  it  takes 
the  place  of  the  sleeper  only ;  the  chairs  laid  in  the  road  can  be  need. 

(2.)  That,  in  its  nse«  there  is  more  than  oidiaaiy  ireedom  from  liabli^  to 
firsctnre. 

(3.)    That,  in  ita  nse,  there  is  greater  elasticity  than  ordinaiy. 

(4.)  That  it  can  be  adapted  to  eures,  by  increasing  the  gauge  by  reversing 
the  positions  of  the  cotters  and  gibs.  When  the  gibs  are  inside,  the 
sleeper  is  correctly  laid  fcv  a  straight  line^ 

(5.)    That  it  is  suitable  to  all  kinds  of  baiUist. 

(6.)  That  it  is  easy  to  pack;  that  a  small  qnantily  of  ballast  ia  required  on 
account  of  its  shallow  depth ;  and  that  the  saring  in  the  quantity  of 
baUast  would  corer  the  exfara  first  cost  of  the  sleeper. 

Mesers.  Thomson  and  Browning,  farther  state  thai  these  ile^>eft  hare 
been  tried  oa  the  East  Indian  Railway  daring  a  period  of  seven  yearn, 
on  other  broad-gauge  lines,  and  on  the  Indian  (State)  Railways. 


•Thli  weight  WMobtainad  by  •ekOAlwdgbins.    By  tlM  plaa,  the  wdgbt  of  two  beKlng  plaMs 
fDnhMi's  pattcni;  if  IKt'l  Bs.  ooly. 
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4  ON    KXPERIMEKTB   WITH    BLEIPBB8  AT   BOWRAH,    BTC. 

In  the  following  Table  the  cost  of  one  mile  of  way  laid  with  the  Des- 

ham  sleeper  is  given : — 


No. 

DetoUi. 

Bate. 

Amoqmt;. 

Bfl. 

Unit. 

Ba,      A.      P. 

460 

Bails,  10,500  feet, 

lA 

foot 

12,540    O    0 

1,840 

Sleepers,  inolading  all  bolts,  &a,  but 

exoluding  chaurs,           

8 

each 

14;720    O    0 

920 

Fish-plates,            •••        •••         ••• 

,ot» 

M 

575     0    0 

1.820 

Fish-plate  bolts  and  nats, 

12i 

100 

230    0    0 

129,030 

Cubic  feet  of  ballast  as  for  timber 

B16C|}6F8j     •••               •••               •••               ees 

4 

•  •• 

5.1G1     3    0 

3,680 

H 

each 

2,760    0    0 

Total  oortt  of  one  mile  of  way  laid  with  Denham 

sleepers,     •••        •••        ■••        ■••        ••• 

35,986    3    0 

5.    J^t^.  8  shows  the  nature  of  Olpherts^  iron-eleeper. 

Mr.  Olpherts  claims  for  his  sleeper  the  following  adyantages : — 

(1.)    That  it  is  simple,  and  that  its  parts  and  fittings  are  few. 

(2.)    That  it  is  soitable  to  all  kinds  of  ballast. 

(3.)    That  by  it,  accuracy  in  adjustment  and  in  keeping  to  the  gauge  oan  be 

maintained. 
(4)    That  the  use  of  an  elastic  cushion  of  seasoned  sil  wood,  under  the  rail, 

is  most  advantageous. 
(5.)    That,  in  its  use,  there  is  economy  in  first  cost  and  subsequent  maintenance. 
(6.)    That  it  can  be  adapted  for  use  as  a  joint-sleeper. 

Mr.  Olpherts  describes  his  form  of  sleeper  as  follows  :— 

The  plate  is  of  cast-iron,  oblong  in  shape,  with  a  bearing  surface  of  400  to  600 
square  inches,  according  as  the  sleepers  are  of  a  light  or  heavy  pattern.  On  itt 
%pptr  surface  there  are  two  ribs  in  the  direction  of  its  length;  on  its  lower  8n^ 
face,  three  ribs  at  right  angles  to  its  length. 

Between  the  upper  ribs,  cast  as  a  part  of  the  plate  and  ribs,  is  a  half-chair, 
similar  to  the  ordinary  chair,  but  rather  heavier  at  the  base.  Thisis  the,/EMi{jaw 
of  the  chair-sleeper,  and  may  be  placed  on  the  inner  or  outer  side  of  the  raiL  Tbe 
opposite  half  of  tbe  chair  is  moveable. 

In  the  centre  of  the  plate,  between  the  upper  ribs  and  two  jaws  of  the  chair, 
is  a  cushion  of  seasoned  sal  wood,  intended  to  save  wear  and  tear  of  the  bottom 
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table  of  the  nil,  to  abwtb  vibnlion,  ud  to  leMen  the  effeota  of  Rhooka  to  the 
rolling' itook. 

The  moreeble  j«w,  the  wocden  ouihion  and  rul  tie  lacnred  in  place  )>j  a 
WTongbt-irdu  Ue-rod,  wkieh  alao  preaerrea  the  gauge  and  ionet  ind^tion  of  the 

The  following  Table  gires  details  of  the  weight  and  cost  of  the  different 
parts  of  the  Olpherta'  sleeper : — 


PiBie  or  IBB  Blbtu. 

Ho. 

Weight. 

Bate. 

AmftDnt 

Sleeper,  eaat-iron  pair,  at 
100  Iba.  each  plate,     ... 

He-bar,  wrongbt-inm,    ... 
Wooden  ensbioiu. 

1 
I 
2 
2 

13    4 
0    0  21 

0  oai 

0    0    8 

20)1 
8 

ITnUa. 

ton 
cwt. 

eacL 

B>.  A.    P. 

016   1 

3  13 10| 
0  7    6 
0  3   0 

! 

Credit  bj  leas  ooa^- 

S  ordinuj  ohain  at      .. 

*  ipik*.            

2  kayi,              

»•                             BS.  A.   P. 

ileaah                18    0 
A    „                  0    4    0 
85  par  himdred  0    12 

1  IS    S 

Ill 

The  following  Table  givBM  ezptidtlj  the  weightof  the  Olpherta'  sleeper 
complete ; — 


Ho. 

DaUlU 

Walgbtiolba. 

a 

1 

2 

Bearing  pbitea,  OlpheiU'  patt«m  (ohura  ineloare),    ... 

Tie-bar,  inolnding  nnt«,               ™         

Cnahiou  of  wood,             

Total  weight  of  one  Olpherta' deeper  oomplete,    ... 

202-0 
81-0 
2-0 

885-0 
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The  following  Table  BhowB  the  cost  of  one 
Olpherts'  sleepers:— 


of  Wftj  laid  witk 


No. 

Detailt. 

Rate. 

Amount. 

RsatAxu 

Rs. 

Unit. 

Bs. 

A 

P. 

400 

Bails,  10,560  feet, 

lA 

foot 

12,540 

o 

o 

2B0 

Fairs  of  C.  I.  joiet  chairs 

and  sleepers,       

12ASi 

pair 

8A43 

c^ 

4 

^t3 

600 

„       ordinary  sleeper  with 

£  >• 

\iMXJ9f                 00%                ■••                ••• 

lom 

ft 

7,258 

4 

G 

960 

„           „           „  without 

t=3 

vies,         •••         •••         ■•• 

7tf 

t« 

7,290 

0 

0 

8« 

920 

Fish-plates,            

H 

each 

676 

o 

O 

£  9 

1,840 

Fish- pate  holts  and  nuts,  ... 

12 

100 

230 

0 

0 

SI 

96,722 

Cuhio  feet  of  ballast, 

4 

100 

3,870 

14 

01 

Total  for  one  mile  of  line  laid  with  Olpherts' 

1 

.0  7f 

sleepezB,  weight  per  mile  308  tons^* 

34,907 

^lOl 

H 

Mr.  Olpherts  considers  that  the  weight  of  each  plate  of  the  sleeper 
shoQid  be  100  lbs.,  and  that  the  difference  in  price  between  his  sleeper  and 
a  first-class  s&l  sleeper  with  fittings  would  be  Rs.  1^,  or  Rs.  2,  more  for 
the  iron-sleepers. 

In  his  letter  of  I2th  December  1877,  he  states  that — 

(1.)  A  pair  of  sleepers  was  placed  in  Jannary  1877  on  the  road  leadinp^  off  the 
main  road  to  the  engine-shed  at  Dinapnr  on  the  East  Indian  Railway ; 
and  that  7,348  engines  passed  over  it. 

(2.)  Sixteen  pairs  of  sleepers  were  placed  in  Mareh  1877,  at  mile  342  in  the 
up-main  line.  East  Indian  Railway,  on  hrick-ballast,  on  the  leved ;  that 
an  trains  passed  at  full-speed ;  and  that  3,135  engines  passed  over  them. 

(3.)  Ten  pairs  of  sleepers  were  placed,  in  April  1877,  at  mile  178  on  the  down- 
line, on  qnartz  ballast,  on  a  descending  gradient  of  1  in  200,  on  the 
East  Indian  Railway;  that  all  trains  passed  at  41}  to  60  miks  per 
hour ;  and  that  2,684  engines  passed  over  them. 

Each  of  the  plates  of  these  three  seta  of  olooperci  weighed  90  Ibe.  only. 
The  Agent,  East  Indian  Railway,  in  his  letter  No.  185  of  14th  Decem- 
ber 1877,  to  the  Board  of  Directors,  states: — "  Gast^ron  sleepera  of  the 

*  The  additional  cost  of :— > 


m,  A  tie-bar  to  each  Olpherts'  sleeper 

ft.  The  ftall  sectlen  of  ballast 

Heaee  the  total  cost  per  mile  ef  way 
laid  with  Olpherts^sleepers 


Nos.  BS.  ▲•  P.  Bs.  A.  p. 

sMO  (sieie-  0  7  s) 

=  fii.8,S70S0 


Bs.  A.  p. 


*    WO.»,W0-»6.7M)  =  *-^^^=  l,JMEi, 

=   CS4,907  +  8,270  +  1,392  RS. 
s  SSu4ieBSi 
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Denham  bdcI  of  the  Olpherts'  pAttems  have  been  in  use  on  a  small  seale 
on  the  open  line  with  satiafactory  reanlta." 

6.     The  Norwaj-pine-creoBOted  sleepers  require  no  description.    The 
following  Table  gires  the  weight  of  one  timber  sleeper  complete :— - 


No. 

DeUlU 

Weight  in  lbs. 

1 
2 
8 

4 

Timber  sleeper, 
Keys,    •••        ••# 

(^nairs,  •••         ••• 

Chair  bolts. 

•••        •••        •••        ••• 

•■•                 cat                 •••                 ••• 

•••                 •••                 •••                 ••• 

•••                 ■••                  ■••                 ••• 

••t 
••• 

1170 
268 
490 
4-875 

Total  weight  of  one 

timber  sleeper  complete, 

• 

••• 

173-46 

In  the  following  TablCi  the  cost  of  one  mile  of  way  laid  with  timber 
aleepers  is  given : — 


No. 


DeUils. 


Bats. 


Amount 


400 
1,840 

3,680 
8,080 

920 
1,840 

7.300 
129,030 


Rails,  10,560  feet, ... 
Sleepers,  ••• 

Middle  chairs,       ••• 
Keys, 

Fish-plates. 

Fish-plate  bolts  and  nnts, 

Spikes,        ...         ••• 
Cnbio  Ibet  of  ballast, 


#•• 


••• 


••• 


BS. 

•  •• 

lA 

•  •• 

6 

••• 

« 

f.* 

8fi 

••• 

4* 

••• 

124 

■  •< 

*A 

... 

4 

foot, 
each 

1,000 

each 
100 

100 
100 


Total  for  one  mile  of  line  laid  with  wooden- 
sleepers,  weight  per  mile  373  tons,       ... 


12.540 
9,200 

2,700 
128 

575 
230 

400 
5,101 


31,054 


0 
0 

0| 
12 
0 
0 
0 
3 


15 


p. 

0 
0 
0 
9 
0 
0 
0 

ol 


9 


7.     The  bearing  snrface  of  the 

■qnanfeet. 

Greaves*  bowl  sleeper  is,       8*1410  X  (1)'  ;=  0*28 

Benham's  cast-iron  24t'  X  1'  X  2  =s  5*60 

Olpherts'  cast-iron     •••        ...        3'  X  1'  X  2  =;  0*0 

Creosoted  pine,  7i^7' X  77'       s:s5*97* 

The  distance  between  the  inner  edges  of  the  plates  is  :^- 

2*  10}"  in  the  case  of  Denbam's, 
2*  9"         „  „    Olpherto', 

and  the  middle-space  left  unpacked  in  the  pine-sleeper  is  2\i  feet. 
The  distance  between  the  centres  of  the  points  of  attachment  of  the  tie- 
bar  of  the  Denham-sleeper  is  8'  2^*^, 

•  Thii  sUowB  for  the  middle-flpioe,  wblcb.  tMing  kft  aapaoktd,  hM  no  bMurint  miAm*. 
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8.  In  the  following  Table  details  are  given  regarding'  the  pamge  of 
an  engine  over  the  experimental  siding  on  the  Cth,  lOth  and  12th  Noreoh- 
ber  1877  :— 


^-i 

Date. 

Speed  of  Engine  1a  miles  per  hoar  at  pMMge  No. 

No. 

Tone 

L 

ll 

1 

f       S 

4       .|    •       7 

sl    9     10 

*.^|T.od.. 

Om^ 

mM.L  ; 

I 

6th  KoTT.  1877. 

• 

— 

••• 

••• 

••• 

••• 

••• 

•n 

••• 

••• 

615 

Z5i 

SB 

ua  :■ 

s 

eth    „      n 

t 

••• 

••• 

••• 

••« 

•m* 

•  •• 

^ 

•M 

••• 

••• 

— 

.« 

_ 

8 

lOth     „       „ 

6 

6 

10 

10 

15 

16 

SO 

20 

S6 

S5 

818 

81 

2S 

14  n 

4 

13th     ,       „ 

8 

8 

• 

10 

10 

IS 

18 

16 

80 

80 

80 

485 

861 

16 

90  ti 

Totftl  Expenditare^ 


Its  IIS 


The  total  weight  that  passed  over  eaoh  sleeper,  laid  on  fonnatioii-IeTe], 


=  ('TIT.SSfx  .0  CSr  X tRS))  =  1814-6  tan.. 
After  trial  No.  1,  no  effect  was  obseryed. 
After  trial  No.  2,  it  was  noticed — 

(1)  that  the  bowl  sleepers  were  nnequallj  depressed ; 

(2)  that  the  Denham-sleepers  were  much  snd  onequallj  depressed; 

(3)  that  the  Olpherts-sleepers  where  depressed  equally  and  to  no  great  extent; 

(4)  that  the  pine-sleepers  were  not  Tisiblj  depressed. 

At  the  west  end  of  the  siding,  after  this  passage,  the  looomotire  wss 
derailed,  as  regards  one  of  the  fore-wheels,  by  one  of  the  hollow  iron  keys 
being  crumpled  by  pressure.  New  rails  were  laid  at  each  end  of  the  ex- 
perimental siding  for  seyeral  hundred  feet. 

Before  trial  No.  8,  the  line  was  inspected  by  passing  over  it  on  a  trolly. 

After  trial  No.  8,  the  conclusion  arrived  at,  by  inspection,  was— 

(1)  that  €hreaves'  bowl  sleepers  were  most  depressed ; 

(2)  that  the  Denham-sleepers  were  depressed  unequally  snd  to  sa  appreciable 

extent; 

(3)  that  the*  Olpherts-sleepers.  were  but  slightly  affected ; 

(4)  that  the  oreosoted  pine-sleeperB  were  not  affecied  at  alL 

The  line  having  been  restored  to  a  proper  state,  trial  No.  4  was  under- 
taken. 


*  A  siz-wheel  ooopled  engine  peoied  oBoe  at  fooi  paoe 

t  FlTe  wagoQi^  each  laden  with  tOO  cubic  feet  of  day, 

the 'weight  of  eaoh  wagon,  with  its  load,  was  Iff'Sl  torn. 

838 
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After  the  trial,  it  was  obsenred — 

(1)  that  GreaTea'  sleepers  were  appredably  disturbed ; 

(2)  that  the  Denham  sleepers  were  not  quite  so  much  disturbed ; 

(3)  that  the  Olpherts-sleepers  were  not  at  all  affected  ; 

(4)  that  the  pine-sleepers  were  not  affected. 

It  may  be  proper  here  to  obserFe  that  the  tie-bar  is  attached  in-* 

(1)  the  Denham-sleeper  to  points  near  the  edges  of  the  plates; 

(2)  the  Olpherts-sleeper  to  the  chair  immediately  below  the  rail. 

Hence,  though  the  Olpherts-sleeper,  like  the  wooden  sleeper^  may  de- 
part from  its  true  bedding,  the  gauge  cannot  alter. 

In  the  Denham*8leeper  any  departure  from  the  true  bedding  must  in- 
Tolve  a  proportionate  alteration  of  gauge. 

9.  In  the  following  Table  details  are  giyen  as  tothe  time  and  labour 
required  to  remove  and  to  replace  a  sleeper  and  rail  on  formation-level :— > 


'S 

^ 


2 
8 

4 
5 


BsMpeKs 


Qreaves'  iron  bowl, 


The  Donham,      .. 

TbeOlpherts' fixed 
jaw  inside. 
The  creoBoted  pine, 

The  Olpherts' fixed 
jaw  outside, 


TDm  IN  ifiNxrm 

ib 

1 

BIQniRBD  TO 

sg 

RXHOYB  AND 

JB^ 

No.  of  men  em 
ed. 

BBPLACa 

1^ 

1 

A  deeper. 

snU. 

18 

6 

n 

5 

OP 

1 

20i 

6 

24 

5 

1 

88| 

IH 

n 

5 

s 

^ 

6 

6 

34 

5 

00 

s  • 

•  • 

•m 

5 

9'  Jan. 

1878. 

1            1 

TooliMtosUyiiMd. 


4  spanners,  1  key-hammer,  2 
crowbars,  1  small  hammer,  1 
chisel,  2  pickaxes. 

4  spanners,  1  key-hammer,  2 
pickaxes. 

4  spanners,  1  key-hammer,  2 
pickaxes. 

2  angers,  2  key-hammers^  2 
tree-nails,  2  chisels,  2  crow- 
ban^  2  pickaxes. 


To  take  out  a  sleeper,  the  work  to  be  done  is,  in  the  case  of-^ 

(1)    Greaves'  bowl  sleeper— 

To  drive  out  2  wooden  keys. 
„         „        2  cotters  and  2  gibs. 
„  releaae  the  tie-bar. 
„  excavate  2  holes,  to  release  the  2  pots  with  their  chairs. 


*  This  WM  deduced  from  the  time  required  when  operating  with  <m€  deeper ;  if  the  experiment 
bed  been  carried  out  with  teyen  deepen  the  (fall  complement  to  a  rail),  the  time  probably  would 
bft?e  been  lev. 

839  2  :; 
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(2)  Deiiham«Bleeper— • 

To  diiye  out  2  woodon  keys. 
fi       n        2  cotters  and  2  gibs. 
„  prise  2  bearing-plates. 
„  release  the  tie-bar. 
p,  excavate  2  holes  to  release  the  2  bearing-plates. 

(3)  The  Olpherts'-sleeper  (moveable  jaw  oatside)-^ 

To  unscrew  2  X  2  X  7  =  28  chair  nuts. 
„     '  „       2  X  8  =  16  fish-bolt  nuts. 
„  remove  the  outer  jaws  of  2  X  7  =  14  chairs. 

„  excavate  2  holes,  to  release  the  2  bearin^platM. 

(4)  The  pine-sleepers — 

To  knock  out  2  wooden  keys. 
I,  wrench  out  2  X  2  =  4  chair  spikes. 
M  knock  2  chairs  sidewajrs  off  the  sleeper, 
„  drag  out  the  sleeper. 

In  each  case,  to  replace  the  sleeper,  the  same  work  is  required  in  ad- 
dition  to  packing  the  sleeper. 
To  take  oat  a  rail,  the  work  to  be  done  is-^ 

(1)  In  the  case  of  the  Bowl,  Denham,  and  Pine  sleepers — 

To  remove  the  boxed-up  ballast 
„  knock  out  7  keys. 
„  unscrew  8  fish-bolts. 

(2)  In  the  case  ot  the  Olpherts'-sleeper  (outer  jaw  of  chair  moYdable)— 

To  remove  the  boxed-up  ballast. 
„  unscrew  2  X  7  =  14  chair  nuts. 
„        „       8  fish-bolts. 
„  remove  7  half  chairs  (outer  jaw). 

(3)  In  the  case  of  the  Olpherts'-sleeper  (inner  jaw  of  chair  moveable)— 

To  remove  the  boxed-up  ballast. 
„  miscrew  7  chair  nuts. 

n  remove  7  inner  jaws  of  chairs  by  sliding  them  on  the  tie-bar. 
„  unscrew  8  fish-bolts. 

In  each  case,  to  replace  a  rail,  the  same  work  reversed  is  required. 

The  following  observations  may  be  of  service : — 

It  took  three  minutes  to  drive  out  the  cotter  of  the  tie-bar  (placed^/)  of  the 
Deidiam-sleeper ;  the  proper  time  is  one  minute.  When  the  tie-bar  is  on  edge,  the 
time  required  to  drive  out  the  cotter  is  half  a  minute. 

When  the  fixed  jaw  of  the  chair  is  on  the  inner  side  of  the  rail,,  the  Olphertu'- 
sleeper  is  very  difficult  to  remove.  The  screw  at  each  end  of  the  tie-bv  is  ^ 
inches  in  length,  of  which  2^  inches  are  actually  taken  up  by  the  nat  and 
check-nut  at  each  end.  This  involves  much  work  in  screwing  and  unsGKwing. 
It  would  be  better  to  have  cotters  and  to  dispense  with  the  screws  and  nuts. 
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10.     In  the  following  Table  tiie  resalt  of  several  passages  of  an  engine 
oyer  the  experimental  siding  on  formation-leyel  is  shown  :— 
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The  total  weight  which  passed  oyer  each  sleeper  was  6^2  x  61  to8s= 
82,162  tons. 

11.  In  the  following  Table,  details  regarding  the  time  required  to 
remove  and  to  replace  each  kind  of  sleeper  in  ballast  boxed-ap,  are  giTs; 
the  experiment  was  carried  out  on  the  4th  Jannary  1878 ;  the  nombv  of 
men  employed  in  each  case  was  five :»- 


••• 


•••       ••• 


••• 


••• 


Greaves'  iion-bowl« 
TheDenham, 
The  Olpherts'— 

(a)  fixed  jaw  outside  of  nuly... 

(5)    „      „  inside 
Creosoted  pine, 


►  M 
e  o 


••• 


•••     ... 


12|| 

m 
m 


Mzmim  BBQnBBDb 


§S 

^1 


m 


Is. 


O  Si 

^1 


5l 


m 


2m 


4|?       18 

83|t 
0 


7« 

m 

7|| 
7» 


33{« 

4818 

4211 
2711 


In  regard  to  the  Olpherts'-sleeper,  in  which  the  inner  jaw  of  the  chair 
is  moveable,  trouble  was  experienced  in  slipping  the  nntf  and  moveable  jsw 
inwards  along  tie-bar  to  release  the  bed-plate.  It  would  be  better  to  nse 
a  cotter  in  place  of  the  nut. 

Two  sleepers  of  the  lighter  kind  of  the  Olpherts'-sleeper,  wUdi  had 
lately  been  put  into  the  experimental  siding,  were  on  this  day  (4ih  Jan- 
uary) examined. 

One  deeper  had  been  in  line  from  January  to  December  1877,  or  12  montlui. 
The  other  ,«  „  Apxilto  „  „  d       „ 

These  sleepers  were  perfectly  sound  and  good. 


•  ThIsBhoalddoaMleMkw  Off. 

t  As  the  ipaoe  between  tlwlongltndinalitbe  of  tlieiipper  ■orfMe  of  tbe  beerlag  i^lnti  ie  Umttiit 
^e  nut  wmild  be  men  cttqr  to  work  if  it  wen  not  Kiaare,  bfat  hnngoiuJ  in  f€cm« 
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The  weight  of  each  plate  of  ibis  lighter  fonn  of  sleeper  was  91  ibs. ; 
'fcliat  of  each  plate  of  the  sleepers,  which  had  originally  been  placed  in  the 
aiding,  181  fibs. 

12.  In  the  following  Table  details  are  giren  as  to  the  price  of  different 
^inds  of  timber  sleepers :— « 


CL188. 

KATUEB  or  TlMBBE  Slbbpbb. 

Neuter. 

First 

Second. 

B8.  A.  p. 

B8.    ▲.   P. 

B8.    A.    P. 

Teak, 

••• 

5    00 

C^lf                               •••                      ••• 

|4    8  0 
\6    8  0 

•tt 

4    00 

icr  X  lor  X  6" 

3    7  2-9 

••• 

3    3  G-2 

ly  X  lor  X  6" 

• 

••• 

2  U  0*4 

Iron-woods          •••               ■•• 

• 

•■• 

6    00 

• 

AsBan-wood,       •••               ••• 

•#• 

|4i    0  0 
U    4  0 

SnBii       ff         •••               ••• 

••• 

r4    00 
U    4  0 

Mowah    If          .t*               ••• 

••• 

4    8  0 

Bedgfom  „          •••               ••• 

••• 

6    00 

Janah     ,,          t*«               ••• 

•  at 

6    80 

This  information  was  obtained  from  the  Chief  Auditor,  East  Indian 
Bailway,  in  reply  to  a  demi-official  letter  of  19th  September,  1877. 

18.  In  the  following  Table,  details  are  giyen  regarding  the  passage  of 
Engine  No.  490  OTer  the  experimental  siding.  During  each  passage  the 
speed  of  the  engine  was  80  miles  per  hoar ;  the  first  excursion  was  made 
on  the  7th  Januaxy  1878  :— 
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14.  On  the  13th  Noyember  1877,  the  time  required  to  remove  and  re- 
place a  rail  on  formation-lerel  was  found ;  and  on  the  15  th  January  1878, 
tlie  time  required  to  reraoye  and  replace  bozed-up  ballast  was  found. 
7he  number  of  men  employed  was  in  each  case  five. 

The  details  are  given  in  the  following  Table  :— 


Natnra  of  Sleeper-Boad. 


TIMB  IN  MINXJTBS  REQUIBBD. 


BOXBD-UP 
BALLAST. 


i 


s 


i 

§ 


AIUIL.* 


& 


IS 

8  *>• 


Total,  f 


.• 


Greaves*  bowl, 

Denham,     .  • 
Olpherts'— 

a.  Fixed  jaw  inside, 

b.  ^       „    oatside, 
Creosoted  pine, 


•  • 


•  • 


•  • 


iH 

2» 
21 

6 
6 

8^ 
8U 

8 

•  • 

2^ 

7* 

m 

2» 

1*J 

.  . 

6 

8ff 
19j§ 

Hi 


15.  On  the  15th  January  1878,  four  breaches,  each  100  feet  in  length 
(t.  e.f  the  length  of  5  rails),  were  begun,  one  in  each  length  of  sleeper  road. 

The  following  Table  gives  details  regarding  the  making  of  the  four 
breaches : — 


FLATSLATSK'S 
WOEK. 

BA&THWOXK,  fta 

TOMKOTIlOOVBBT 

OV  PBBMAVaaT- 

WAT. 

TO  MAKE  THM  BXOAVA- 
TIOV. 

» 

Kn. 

Men. 
boon. 

» 

1 

Men. 

Men 

hOOXB. 

OAAVD 
TOTAL. 


COST. 


Men, 
hoon. 


§4 


i 

r 

s 


TOTAL. 


Greavea'  bowls, ... 
Denham,  ... 

Olpherts', 

CreoBoted  pine, ... 


85 
81 

91 

40 


15 
15 

15 

15 


8-75 
7-75 

22-76 

100 


I 


18 
14 

6 

9 
9 


0 

0 

25 

82 
0 


50 
50 
25 

82 
50 


\ 


650 
700 

488 

450 


658-76 
707-76 

51076 

460-00 


Rs. 

0-80 
0-66 

0-72 

0-88 


Bs. 

2081 
21-90 

16-26 

1410 


BS. 

20-61 
22-66 

16-97 

14-48 


2-06  71-56  78  62 


*  Tblt  is  the  time  reqnlxed  for  handling  the  rail ;  it  does  not  inelnde  the  time  of  dealing  with  the 
ballait. 
t  This  indndes  aU  labour  in  setting  the  rail  properly  in  its  place  in  boxed  up  ballast. 

845 
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In  making  these  foar  breaches,  the  following  work  was  done  :-« 
(a).~In  each  of  the  four  breaches— « 

13'  X  IS'   ^     ^  X  100*  =  1,750  cubic  feet  of  ballaat 

IG'  wide    X    1^  deep  X  100'  =  2,933        „        „    earth 

were  removed. 
(5).— In  the  case  of  the  :— 

(1)  Creosoted  pine-sleepers, 

(2)  Denham-sleepers, 

(3)  Ghreaves'  bowl-sleepers, 

the  keys  were  knocked  ont,  the  fish-plates  released,  and  the  sleep* 
ers  (complete)  dragged  out. 
(c). — ^In  the  case  of  the  Olpherts'  sleeper— 

the  check-nuts  were  taken  off;  the  tme-nnt  was  unscrewed  auffieieiiilj 
to  fdlow  the  lower  table  of  the  rail  to  pass  betwem  the  jaws  of  tlie 
ohair,  and  then  screwed  ap  to  allow  room  for  the  check-nut  which  was 
re-screwed  to  prevent  its  being  lost. 
The  rails  being  laid  on  one  side,  the  sleepers  (complete)  were  dragged  out^ 
In  each  case  the  permanent-way  and  ballast  were  plsced  on  the  east  aide  of  tbs 
way,  and  the  earth  excavation  on  the  west  side. 

16.  Kg,  4  shows  the  section  which  should  be  given  to  the  ballast 

The  following  details  may  be  of  service  :»- 

5  inches  is  the  depth  of  the  raiL 
20  inches  is  the  depth  from  rail  to  formation-level. 
16     „  „         of  baUsst  from  formation-level  to  base  of  raiL 

13  feet  is  the  width  of  ballast  at  top. 
15      „  „  „  bottom. 

8  inches  is  the  depth  of  ballast  below  a  pine-sleeper  or  Greaves'  bowl-deeper. 
12     „  M  M  Denham's  or  Olpherts'*  sleeper. 

17.  On  the  17th  January  1878  the  refillbg  of  the  four  breaches 
was  begun. 

The  following  Table  gives  details :— 

•  Hr.  Olpherto  claixnBfliat  tallait  may  Iw  nred  by  the  lue  of  hii  sleeper.  If  belUsi  8  Indm  ii 
depth  only  be  given,  m  in  the  case  of  the  pine  aleeper,  there  would  be  •  nying  of  4  inchM  of  bel- 
iMtladepth.   0eettieeetimafeoo(co8t,p«nu 6. 
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18.  The  four  breaches  having  been  repaired,  eng-ine  No.  490  rmn  to  cc 
fro  at  a  speed  of  80  miles  per  hour  over  the  aiding  on  the  21st  2N 
and  23rd  January  1878.    The  foUowing  Table  giFes  detaiLi :  — 


Total  pdi 

3  DATS. 


Total  weight  that  passed  over  each  sleeper  =  542  X  61^  tons  = 
83,383  tons.  Where  the  breaches  had  been  made,  the  road  sank  chiefl/ 
on  that  part  laid  with  bowl-sleepers. 

In  this  instance,  as  in  the  case  of  the  engine-passages  recorded  in  para- 
graphs 8, 10  and  14,  it  was  noticed  that  the  Denharo -sleeper  laid  on  brick 
ballast  had  a  decided  tendency :— ^ 

a,  to  depart  horizontally  from  a  position  at  right  angles  to  the  rail. 
h,  to  tilt  in  a  vertical  direction. 

This  was  more  especially  the  case  with  those  sleepers  that  had  no  tie>bar. 

19.  The  total  cost  of  the  experiments  which  began  on  the  6th  Norem- 
ber  1877,  and  ended  on  the  23rd  January  1878,  is  given  in  the  follow- 
ing Table :— • 


AKOU27T. 


Making  and  remarking  the  aiding.    See  Table  II., 

Greaves'  bowl-sleeper  bowls,  cracked  or  broken,  29  in  number.    See 

paragraph  18, ,. 

Engine  hire/or,-^ 

Cth,  lOth,  12th,  19th,  20th,  2lBt  and  2drd  November  1877, . . 

7th  to  12th,  14th,  2l8t  to  28rd  January  1878,  . .         . . 

A  total  of  17  days  (see  paras.  8, 10, 18,  and  18),  at  Ba.  20  per  diem. 

Total  Bs, 
U6 


R8.       A. 

2,985   12 
93   U 


p. 


840 
8,419 


•  • 


10  9 
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21.     It  may  now  fairly  be  stated  that—* 

a.  The  creosoted  pine-sleeper  is  the  beet  form  of  sleeper  of  all ;  but  hsii^ 
regard  to  the  difficulty  of  procuring  it,  and  to  its  ocxmiMirmtiTely  Aat 
life,  it  haa  to  be  rejected : 
•  The  bowla,  when  placed  either  on  earth  or  on  ballaaty  grre  tremble  in  pac- 
ing ;  when  laid  on  ballast,  they  are  liable  to  break :  against  this  mast 
be  considered  the  statement  in  Table  III,  regarding  the  small  reoewik 
of  this  kind  of  sleeper,  when  placed  on  loam,  aa  compared  with  timbff 
sleepers. 

tf.  The  Denham  and  Olpherts'  sleepers,  as  has  been  shown,  are  of  the  aszue 
nature:  the  Olpherts'  has,  however,  one  great  advantage  over  tlie 
Denham,  in  that  the  tie-bar  seizes  the  chair,  and  not  the  plate — see 
paragraph  8.  The  extra  time  required,  in  the  case  of  the  C^pfaerU', 
to  remove  and  replace  a  rail,  or  sleeper,  is  shown  In  paragraph  20: 

d.  The  Olpherts'  sleeper  is,  after  the  creosoted  pine-sleeper,  the  beat  of  all  in 
places  where  liability  to  accident  is  small ;  the  only  objection  to  it  is  the 
time  taken  in  handling  it ;  see  paragraph  20.  The  sleeper  is  scientifical- 
ly designed  and  makes  a  good  steady  road. 

A  tie-bar  is  required  to  every  sleeper,  whether  of  the  Denham,  or  dphote', 
pattern:— 

(1)  on  a  curve,  if  nuts  be  used  as  at  present. 

(2)  everywhere  if  the  nuts  being  discarded,  the  tie-bar  be  weakened  by  cat- 

ting in  it  holes  for  cotters  and  gibs. 

TABLE  I. 

East  Indian  Bailwat. 

Statement  ehowing  the  weight  and  cost  of  permanent-way  artielee. 


NamM  of  Artiolei 

Bate 

W^ht^kc 

VniU 

Bs.  A. 

p. 

Chain,  middle,  N.  8. 

each 

0  12 

0 

24|  fisa.  each. 

„                           ,f                  via    9*                         •  •                    •  . 

n 

0  12 

0 

22i  „      „ 

„    end  or  joint 

f$ 

2    2 

0 

1*     i>      f* 

Spike,  English,  plain  and  twisted  • . 

100 

9    5 

0 

1      n      .. 

„           „       0.  S.          ••        •. 

99 

9    5 

0 

U     H          H 

„      country,  of  sorts       • .         i  • 

» 

6    0 

0 

Condemned  pattoraa. 

Bolts,  and  nuts,  fish-plate,  N.  S.     • . 

ft 

18    8 

0 

l^^lbs.  each. 

9,                               „                U.  0>        •. 

»9 

16    8 

0 

"iV   it       n 

Keys,  middle 

1,000 

50    0 

0 

Bleepers,  ashpit        

foot 

2    0 

0 

„    crecaoted  (square  or  triangular) 

each 

6    0 

0 

„    eas^iron,  Greaves'  bowl        •  • 

» 

a   8 

8 

One  bowl,  each  86  lbs. 

n        n            »    tie-bar           •• 

M 

1  10 

8 

B«-  6tV  per  cwt 

ft        »»            91    gibs  and  cotters 

•* 

0    0 

6 

»     ^I         »         M 

"SSo 
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Stattement showing  the  weight  and  coat  ofpermanent^way  articles  {Coniinvied), 


NamMof  AitlQlM 

Bute 

W«ight,*o. 

Uolt 

BS.  A. 

R 

Sleepers,  cut-iron  Barlow's  flat,     •  • 

each 

8    0 

0 

Each  114  ma. 

„        croBsing  (any  tie-har),     • . 

If 

6    8 

0 

„             „       gnmCAastndian}. 

99 

4    0 

0 

„             M        country, 

If 

8    0 

0 

ff             „       iron-wood,          •  • 

19 

6    0 

0 

99              „        sai,                      •  • 

II 

4    0 

0 

9*             >f        teak, 

11 

5    0 

0 

Denliam*8  C.  iron-plate  sleepers,    • . 

19 

8    0 

0 

2  bearing  plates,  1  tie  rod, 
2  gibs,  2  cotters,  4  bolts 
andnnts.  The  Royalty  has 
not  yet  been  fixed. 

10^  tbs.  each. 

Fish-plates,  K.  S. 

91 

0  10 

0 

,9                            V}»    Sa            «  •                  • 

» 

0  14 

0 

18tV  »        " 

HjuIs,  N.  S.,  average 

foot 

1     1 

6 

78    lbs.  per  yard. 

„      \J»  s$«,               ••         • 

ff^ 

I    4 

4 

v8            ,,                M 

„    24  feet, 

each 

80    2 

0 

^2       „         „ 

»»            (1    28    „              • 

ff 

28  12 

0 

^2      „         „ 

»f            »#    22    „              • 

91 

27  16 

4 

82      „        „ 

j»             n    21     „               • 

99 

26    4 

0 

99                       99       20       „                          • 

91 

25    2 

0 

99                     19        '*'       19                         • 

99 

24    2 

4 

99                     99       1"       W                         • 

19 

22  10 

0 

99                     99       **        99                         • 

19 

21    6 

0 

. 

99                     99       ^S       19                         • 

If 

20     1 

0 

ff                     91       15       „           • 

91 

18  12 

0 

H                      99        **        »                          • 

99 

16  11 

0 

,,       a»  S<,  23     „               • 

19 

25    8 

0 

78   llMw  per  Tud. 

99                      99        22        „ 

II 

24    1 

0 

78      „       „ 

99                    99       21       „                         • 

19 

22  15 

6 

7^           II              If 

99                    #»       20       „                         • 

If 

21  14 

0 

•  ^          91             91 

99                    99       19       99                         • 

If 

20  12 

6 

7^          II             91 

99                    99       lo       If                         • 

19 

19  11 

0 

78      „       „ 

If                    99       1*        99                         • 

91 

18  10 

0 

^^          91             «9 

99                ,  t»       1^       99                        • 

99 

17    8 

0 

^3          „             „ 

„     Bridge,  heavy,            • 

foot 

1    2 

0 

^70       „         „ 

,1           „     light. 

91 

0  11 

1 

46      „  Other  sizes  Rs.  100 

per  ton. 

„    Barlow*s  saddle,  18  feet. 

II 

9S    0 

0 

98  lbs.  per  yard  ;  Ba.  180 
perton,orBs.  l-3-9perfoot 

CBOSBINa& 

English  or  country,  1  in  7, 

Set 

106    0 

0 

1  in  71 ;  8i :  9. 

linlO, 

II 

126    0 

0 

1  in  lOi  ;   12. 

Ronaome's  patent  plate,   •  •            •  • 
Chairs  A,  B,  C,  D,  plain, 

fi 

136  18 

8 

No  chairs  required. 

each 

4    8 

0 

„     check,  E  and  F,     ••            •• 

111 

1    0 

0 

Ordinary  croesinge  are  com- 

„    fish-plates  D,'        ••            •• 

91 

11    0 

0 

plete  with — 

„     of  sorts,  oonntry,   •  •            • . 

II 

2    6 

0 

2  wing  plates. 

„     level,  crossings,     •  •            •  • 

II 

8    4 

0 

2  check  rails. 

Rail-wing,          ••            ••            .. 
„   nnder20feet,          ••            •. 

II 

80    0 

0 

1  point  ralL           feach. 

t 
.99 

20    0 

0 

A,  B,  0,  D  chairs,  one 

„   TOints,                     .. 

II 

40    0 

0 

2  fish-plate  chairs. 

„  check  under  10  feet,              • . 

11 

10    0 

0 

4  E  chairs. 

„         „    over  12   „ 

If 

16    0 

0 

In  some  cases,  a  chair  is 
omitted. 

851 
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Statement  shounng  the  weight  cmd  cost  ofpermanerU-way  articles  (Continoe:; 


Nftmn  of  ArtiolH 


SwnCHBfiL 

Switch-box  with  brackets,  balls, 
weight,  brass  boshes,  wronght-iron 
lever  connecting  rods,  pins,  screw 
bolts  (fitted  oyal  or  square),  com- 
plete,   

Switch,  8  throw,  English  or  country, 
complete,    • 


Switch,  mngle,  English,  Aahbamy's, 
complete,    ••         ••        ••        •• 

Switch,  single,  English  orconntrj, 
complete,    ••        • 


Switch-box,  OTal  or  sqnarei  • . 


n 


•  • 


handle,  •• 
weights,..  • 
dark,  .  •  • 
connecting  rods, 
brass  bashes,  • 
Switch-rails,  stock  or  back  ;  right  or 

left ;  English  or  conntry 

Switch-rails,  tongae, . .         •  • 
Ashbamj's,      . . 
chair  toe,  O.  P.,         •  • 
heel  (right  or  left),     •  • 
„    Ashbnmj's,  •  • 

slide,  ordinary,  • . 

„    Ashbomy's,        .. 
Bolts  for  switch-chairs, 

„       locking  switch  with  cotter, 
Sleepers,   Barlow's,  cast-iron,  wiUi 
angle-iron  tie-bar, . .         ••         •• 

Hollow  iron  keys,  5  inches 

6 
8 


n 

n 
n 
«» 


Unit 


each 
set 


9* 
9f 


n 


n 

99 


•  • 


9« 

each 

99 
99 
99 
99 
91 

99 
99 
99 
99 
99 
•9 
99 
99 
99 
99 

ton 
each 

99 
19 


Bate 


Rs.  ▲    P. 


50    0  0 

270    0  0 

124    4  0 

270    0  0 

24    0  0 

8    0  0 

10  0 

8    0  0 

8    0  0 

10  0 


80 

80 

86 

2 

6 

7 


0 
0 
0 
0 
0 
8 


2  2 

8  8 

0  4 

0  6 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


120  0  0 

0  2  9 

0  8  0 

0  4  0 


This  coDtaina  2  stock  nik 

4    toiig:ae    rails,   2  fa«! 

chairs,     10    slide   chiizv 

rods  and  bolts. 
This  contains  2  ton|iie  ruK 

2  heel  chairs,  8  slide  chtin. 

rods  and  bolts. 
This  contains  2  tongue  nils, 

2  stock  rails,  8  slide  duin. 

2   heel  chairs,  rods  sad 

bolts. 


244  Dm.  each  pair. 
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TABLE  11. 
East  Indian  Railwat. 

Main  Linb. 

Statement  of  the  cost  of  making  and  remaking  the  siding  (2,000  feet  in 

length)  for  the  experiments  with  sleepers. 


DeUilA. 


Quantity, 


Rate. 


Amount. 


•  • 


Earthwork,       ..        •• 
Breaking  ballast,        •  • 
Dressing  formation  level, 
Levelling  earthwork,  ••        .. 
Laying  the  road,         • .         • . 
Lifting  and  packing,  .  • 
Supplying  100  hammers. 
Tool  handles,    ••         •• 
Loading,  unloading,  spreading, 

and  dressing  ballast, 
Loading,  unloading,  spreading, 

and  dressing  rubbish. 
Repairing  siding,        ••        •• 

„         breaches,    .. 
Breaking,  spreading,  and  level- 
ling AAoa,     ••         ..        •• 
Breaking,  removing,  and  spread- 
ing Mao,      


Total 


ES. 

Unit. 

155,363  c  f. 

■  • 

•  ■ 

33,185  a  f. 

1 

100 

30,380  s.  f. 

3 

100 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

2|  mds. 

•  • 

17/6 

•  • 

maund 

•  1 

38,133  c.  f. 

i/< 

100 

7,308  c.  f. 

1/4 

100 

•  • 

•  • 

•  • 

•• 

•  • 

•  • 

•  • 

•  • 

•  • 

« • 

•  • 

•  • 

RS.   A.   P. 

681  12  3 

331  H  0 

91    2  3 

36  13  6 

162    4  9 

174  14  6 

43    7  0 

6    4  0 

476  10  6 

91  5  6 
171  7  3 
114    5  3 

152  14  6 

189  11  6 


Add  superintendence,  at  10  per  cent,      •  • 

Grand  Total, 
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2,714  14  9 
270  13  9 


2,985  12  6 
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No.  CCLXXX. 


REPORT  ON  THE  DEFENCE  WORKS  IN  THE  RIVER 

INDUS   AT  KHARAKWALAH   IN  THE   DERA 

GHAZI  KHAN  DISTRICT,  FROM  DECEMBER 

1876  TO  MAY   1877. 

[  Vide  FUtes  I.,  It  and  III.] 


Bt  T.  E.  Ivens,  Esq.,  C.E;,  Executive  Engineer,  Dera  Oiati  Khan 
XHvieion,  Indue  Canah. 


Tbk  changes  that  oocnrred  in  the  bed  of  the  River  between  1874  and 
May  1877,  are  shown  in  Plates  I.  II.  and  III. 

Account  of  the  river  and  its  erosion  since  1874. — The  entting  action 
of  the  river  on  its  right  bank  about  the  village  of  Tranda  commenced  in 
December  1874,  and  con  tinned  with  more  or  less  violence  till  Febroarj 
1877,  oscillating  between  points  opposite  the  Elharakwalah  Chauki  and 
the  head  of  the  IShoria  Canal.  The  great  inundation  band  was  reached 
and  cnt  into  in  July  1875,  the  spill  water  being  kept  back  and  prevented 
from  spreading  in  all  directions  over  the  country  by  the  Kote  Daud 
band  which  had  been  raised  the  previous  cold  weather. 

Eiver  Works  at  KahiwcUah,  results  and  subsequent  plcms.^'ln  the  work- 
ing season  of  1875-76  the  erosion  below  Kharakwalah  still  continuing, 
defence  works  in  the  river  were  started  opposite  the  village  of  Elaluwa- 
lah  with  the  object  of  turning  the  direction  of  the  main  stream  on  to  its 
left  bank  and  thus  reducing  the  violence  of  the  current  below  Kharak- 
walah. These  works,  however,  did  not  in  the  main  prove  successful,  and 
the  erosion  continuing  with  unabated  violence,  the  idea,  as  first  proposed 
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of  oonstracting  another  band  at  the  back  of  that  of  the  Eoie  Daad  was 
laid  aside,  and  it  was  detennined  to  ran  out  a  series  of  solid  spars  from 
the  right  bank  of  the  riyer  starting  from  sites  on  the  bank  a  little  oa 
the  np-stream  side  of  the  points  of  impact  of  the  seyeralstFeama  whkh 
together  formed  the  main  current  of  the  river. 

Spur  No.  L — Operations  were  commenced  in  November  1876  on  three 
main  spurs.  The  first  started  from  the  end  of  the  great  inimdaCiOD 
hand  and  ran  across  a  creek  to  a  distance  of  400  feet.  This  creek 
flowed  at  the  Ume  with  a  small  velocity,  of  about  1^  feet  per  second, 
between  the  hard  bank  and  a  snccession  of  sand  banks  or  islets  running 
north  and  south.  At  400  feet  the  main  stream  was  reached,  here  the 
current  was  2^  feet  per  second. 

Spur  No.  //.— iSpur  No.  II.  left  the  bank  at  a  point  2,200  feet  bdow 
No.  L,  here  the  current  was  running  at  the  rate  of  6  to  7  feet  per  seoond 
the  depth  of  water  being  from  16  to  20  feet.  When  work  was  com- 
menced  the  erosion  was  here  more  violent  than  at  any  other  part  of  (be 
river  bank,  but  the  spur  most  effectually  checked  it  and  prevented  what 
otherwise  would  have  l>een  the  case,  the  outflanking  of  the  third  spur 
on  its  upper  side. 

Spur^  No.  ///.—Spur  No.  III.  was  built  8,800  feet  below  No.  IL  and 
1,600  feet  below  the  end  of  the  loop  line  band  as  it  tlien  was,  the  river 
running  at  a  velocity  of  6  feet  per  second  the  deptli  of  water  being  from 
16  to  18  feet. 

Spur$  Not.  la  and  2a,  and  date  of  commencing  uwrl;.— Subsequently 
two  smaller  Spurs  numbered  la  and  2a  were  also  run  out,  tlie  former 
between  the  main  Spurs  Nos.  I.  and  11.  780  feet  below  the  former,  the 
latter  starting  from  the  end  of  the  loop  line  band.  These  several 
works  were  commenced,  the  main  ones,  No.  I.  on  the  22nd  December, 
1876,  No.  II.  on  4th  January,  No.  III.  on  the  13th  December,  and  were 
ran  out  to  lengths  respectively  of  480,  120,  and  160  feet  long.  The 
smaller  bpur  No.  la  was  commenced  on  the  17th  February,  No.  2a  oa 
29th  December,  their  lengths  were  30  feet  and  50  feet  respectively. 

Total  length  oj  spure. — The  aggregate  length  was  therefore  790  feet, 
of  this  Spur  No.  I.  is  classed  separately,  the  conditions  as  to  depth  of 
water  and  velocity  being  different  from  the  other  four.  In  the  former,  it 
is  mentioned  above,  the  velocity  was  only  1^  feet  per  second,  the  maxi- 
mum depth  of  water  being  only  10  feet,  the  minimum  at  both  ends  nil 
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With  the  other  span  the  mean  depth  was  from  16  to  20  feet  and  velocity 
of  5  to  7  feet  per  second  equal  to  8^  to  5  miles  per  hoar.  Of  the  ag- 
gregate 790  feet  therefore  860  belocg  to  ihf  first  class,  480  in  Spur  No.  I. 
to  the  second  dass. 

Mode  of  constructing  «piifv.— The  mode  of  operation  in  constracting 
the  spars  was  as  follows : — The  site  and  direction  having  heen  chosen,  the 
latter  averaged  between  110^  and  120^  with  the  stream,  trees  of  the 
largest  size  that  conld  be  obtained  with  all  their  branches  and  leaves 
nntonched  were  thrown  over,  at  first  from  the  bank,  afterwards  as  the 
work  progressed  from  off  the  sides  of  boats.  The  trees  were  all  eat  and 
dragged  to  the  site  of  the  works  from  the  adjoining  fields,  which  most 
fortanately  were  very  wooded  and  thereby  the  work  was  done  at  a  moderate 
cost,  the  amonnt  of  compensation  paid  being  only  Rs.  255.  This  of 
coarse  is  a  mere  fraction  of  what  the  trees  would  have  cost  had  they  been 
paid  for,  over  2,500  trees  of  all  sizes  having  been  cut.  The  above  award 
was  given  for  trees  that  grew  near  wells  or  near  gardens  and  which  the 
people  were  loth  to  part  with.  No  doubt  the  object  for  which  the  trees 
were  wanted,  had  a  great  deal  to  do  with  their  having  been  obtained  for 
nothing,  the  ground  from  which  they  were  cut  being  that  which  it  was 
desired  to  protect 

Trees. — The  trees  having  been  cut  they  were  brought  to  the  site  of  the 
work  by  bullocks,  as  many  pairs  as  were  required  being  yoked  to  eadi 
tree,  ranging  between  one  pair  to  two  small  trees,  to  as  many  as  a  maad- 
mum  of  16  pairs  to  one  tree,  some  of  the  largest  being  25  to  85  feet  in 
height.  Altogether  6,400  pairs  of  bullocks  were  worked  at  a  total  cost 
of  Rs.  8,200,  this  forms  the  heaviest  sub-head,  being  rather  more  than 
one-fourth  of  the  total  expenditure. 

How  loaded. — ^The  tula,  tamarisk,  was  the  tree  most  extensively  used, 
a  few  shisham,  kikar,  ber  and  others  were  also  brought  down,  but  in 
very  small  numbers.  The  tree  was  next  loaded,  this  was  done  by  means 
of  a  net  lashed  to  the  trunk  of  the  tree  at  the  point  of  its  centre  of 
gravity,  more  or  less,  the  net  was  then  filled  with  stones  suitable  to  the 
weight  and  size  of  the  tree,  the  maximum  weight  of  the  stones  for  one 
tree  being  30  to '85  maunds.  The  tree  was  then  thrown  over  into  the 
water  a  little  up-stream  of  the  place  where  it  was  desired  that  it  should 
lie  when  reaching  the  bottom,  this  of  course  depended  on  the  strength  of 
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Stones. — The  Btones  were  brought  from  the  Son  torreDt  about  12  mOa 
off.  The  ayerage  weight  of  one  was  from  80  seers  to  one  mannd,  tbej 
were  brought  on  camels  at  a  total  cost  of  Rs.  1,621,  for  this  sum  nearij 
84,500  maunds  of  stone  were  carried,  this  gives  an  ATemge  weight  of 
stone  on  each  tree  of  14  maunds. 

Superstructure, — This  process  continued  until  the  trees  began  to  sbov 
out  of  the  water,  on  the  top  of  them  were  placed  smaller  trees,  largs 
branches  and  layers  of  brushwood,  until  a  fairly  eyen  snrfaea  was  ob- 
tuned  from  8  to  5  feet.    Above  water  surface,  this  layer  which  aeceesarilj 
was  a  loose  mass  was  then  weighted  down  with  long  and  heayy  tmnks  of 
trees  without  their  branches,  the  logs  being  laid  on  until  the  vpper  aide 
of  the  layer  had  settled  down  to  a  level  with  the  water.     The  process  was 
again  repeated,  and  layers  kept  on  being  built  up  nniil  the  mass  had 
finally  consolidated.    Instead  of  trunks  of  trees,  sand  bags  wen  in  some 
cases  used,  they  served  very  well  to  form  the  top  roadwaj,  onoe  all  set- 
tlement had  ceased,  and  the  bag  of  sand  was  not  likelj  to  be  reached  by 
the  water.    The  length  of  the  bags  were  8|  feet,  so  that  two  bags  placed 
lengthways  across  the  spur  formed  a  convenient  roadway  of  7  feet     The 
bags  when  full  contained  5  cubic  feet  of  sand  weighing  about  3^  maunds,  it 
was  not  pure  sand  but  was  partly  mixed  up  with  clay,  500  bags  were 
thus  used  at  a  cost  of  Rs.  175. 

Mode  of  construction^  continued.'-'AB  the  foundations  appeared  above 
water,  and  the  top  layers  and  roadway  of  the  first  section  were  being  formed, 
the  work  of  advancing  the  foundations  ahead  progressed,  but  the  loaded 
trees,  instead  of  being  launched  from  the  end  of  the  spur  or  pier,  were 
taken  out  in  boats  and.  thrown  overboard,  the  boat  being  brought  into 
position  by  means  lof  two  cables,  one  on  shore,  one  fastened  to  a  baoj 
anchored  at  some  convenient  place  in  mid-stream. 

Unloading  the  boats, — No  particular  means  were  used  in  dischaiging 
the  boats  of  their  cargo  of  weighted  trees.  A  projecting  platform  was 
at  first  tried  resting  on  the  side  of  the  boat,  which  also  served  as  an  axis, 
the  platform  being  made  to  tilt  over,  when  it  was  desired  to  drop  the 
tree.  But  the  trees  varied  so  much  in  size,  and  with  their  branches 
took  up  so  much  room  that  the  original  plan  was  found  the  most  conve- 
nient, that  of  placing  the  tree  across  the  boat,  the  trunk  being  inwanis 
and  the  middle  of  the  tree  resting  on  the  boat's  side,  so  that  at  a  giren 
signal  and  without  any  trouble  the  whole  mass  could  be  thrown  over. 
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Spur  No.  III. — The  first  Spar  andertaken  was  No.  III.,  the  conditions 
of  the  river  being  as  mentioned  in  page  2.  In  four  days  a  length  of  100 
feet  had  been  made  np  to  the  water  level,  the  average  width  being  22  feet 
and  depth  of  water  of  18  feet  making  a  total  cnbical  content  of  40,000  cubic 
feet.  This  mass,  by  no  means  a  solid  one,  bat  interspersed  and  crossed  in 
every  possible  direction  by  the  trees,  immediately  checked  the  velocity  of 
the  stream  and  10  days  after  it  was  commenced,  the  silt  on  its  down-stream 
side  had  reduced  the  depth  of  the  water  from  16  feet  to  only  5  feet,  eqaal  to 
a  silt  deposit  11  f^tin  depth  and  extending  down  the  river  bank  to  a 
distance  of  about  8  times  the  length  of  the  spur  or  between  800  and  900 
feet.  The  work  was  continued  to  the  fall  length  of  the  spar  and  the 
roadway  was  made  up  to  a  level  with  the  natural  ground  about  6  feet 
above  irater.  This  level  was  maintained  and  kept  up  by  a  small  party 
of  six  men  in  renewing  any  portion  of  it  where  settlement  occurred. 

Bise  in  the  river  and  its  effects, — On  the  24th  January  a  rise  of  1*7  feet 
in  the  river  caused  the  top  structure  of  this  as  well  as  all  the  other 
spars  to  settle  down  very  considerably,  in  places  below  the  water  levels 
these  as  before  were  quickly  renewed.  But  the  chief  effects  of  the  rise 
was  a  marked  change  at  this  part  of  the  river  after  it  had  subsided  to  its 
normal  level.  The  thread  of  the  stream  both  above  and  below  the  spur 
had  shunted  off  from  the  right  bank  nearly  into  mid-channel,  and  it  seemed 
quite  clear  that  the  effect  of  the  current  off  the  end  of  the  spur  in  the 
direction  more  or  less  of  the  spur  itself  had  deepened  the  bed  of  the  river 
and  so  prepared  f^  deep  stream  to  which  the  river  subsequently  took. 

Changes  in  the  river  and  how  effected, — This  I  believe  to  be  the  only 
way  in  which  the  general  direction  of  the  river  is  affected.     Spurs  like 
these  protect  the  bank  for  a  very  considerable  distance  depending  very 
much  on  the  shunt  off  they  give  the  stream,  the  one  No.  III.  caused 
the  silt  to  deposit  for  more  than  a  mile  below  it.     But  besides  this  pro- 
tection, the  direction  of  the  stream  is  affected  by  the  alterations  which 
occur  in  its  bed  due  to  increased  velocity  at  the  end  of  the  spur,  and  to 
scouring  out    A  succession  of  spurs  therefore  form  a  succession  of  chan- 
nels or  deep  beds  running  out  mid-strearowards,  and  when  a  freshet  comes 
down,  thereby  increasing  the  velocity  in  the  river,  it  cuts  away  as  it  were 
all  the  higher  portions  of  silt  between  those  channels,  and  so  makes  the 
mid-stream  the  deep  bed  of  the  river. 

Paint  of  impact  of  river. — About  a  fortnight  after  Spur  No.  III.  had 
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been  completed  it  was  foand  that  oscillations  of  the  riyer  had  moved  k 
an  up-stream  direction  and  that  the  end  of  the  loop  line  band  was  bebf 
most  yiolentlj  attacked  by  the  erosion.  It  was  found  neoeasarj  to  stirt 
Spur  No.  2a,  this  spur  effectually .  checked  the  cutting  for  some  timc^ 
but  the  set  of  the  stream  continuing  upwards  and  cutting  ont  •  long  deep 
bay  above  the  loop  line  band  eventually  got  round  the  heel  of  No.  So 
Spur  and  formed  a  channel  between  it  and  the  bank.  Bj  this  time  the 
effects  of  No.  II.  Spur  had  begun  to  act  on  the  portion  of  the  river  be- 
tween it  and  the  loop  line  and  the  cutting  action  ceased  aboai  the  end 
of  January  or  three  weeks  after  the  spur  had  been  commencecf.  It  wai 
not  therefore  necessary  to  keep  up  Spur  No.  2a  and  it  was  allowed  to  gfk 
Spur  No  I. — In  the  meanwhile  No.  I.  had  been  progreaeing.  Thi 
impact  of  the  river  in  the  beginning  of  February  following  the  same  mk 
throughout,  had  again  continued  up-stream  and  its  action  was  now  most 
violently  felt  between  Spurs  Nos.  I.  and  II.,  it  was  therefore  oonaidered 
necessary  to  check  it  for  the  safety  of  Spur  ^'o.  IL,  and  on  the  17th 
February,  No.  2a,  a  short  Spur,  was  run  ont.  The  velocity  at  the  time  oa 
the  up-stream  side  of  No.  II.  Spur  had  increased  to  nearlj  9  feet  per 
second,  and  erosion  was  going  on  with  much  force  for  a  reach  of  1,000  ML 
above  it.  Twice  the  spur  was  breached  but  fortunately  with  no  permanent 
result,  the  breaches  having  been  closed  as  rapidly  as  possible. 

No.  L  continued. — By  the  1st  March,  No.  I.  Spur  had  attained  a  length 
of  300  feet  and  a  few  days  later  its  full  length  of  400  feet,  the  last  100 
feet  having  been  built  on  the  sand  bank.  Beyond  the  sand  bank  the 
water  deepened  rapidly,  neither  was  it  found  necessary  to  prolong  the  work 
any  more.  Towards  the  middle  of  March  the  erosion,  continuing  as 
always,  up-stream,  set  in  without  much  violence  opposite  Spur  No.  I.,  and 
by  the  2nd  April  when  its  length  was  measured  it  was  only  207  feet 
It  was  not  found  necessary  to  make  it  up  again,  as  this  could  only  have  been 
done  at  great  cost,  and  on  its  down-stream  side  the  thread  of  the  stream 
was  directed  off  the  bank,  the  additional  length  of  spur  was  therefore  not 
required  for  the  protection  of  the  others  lower  down.  Subsequently  the 
erosion  ceased  altogether,  and  on  the  2nd  April  the  spur  measured  180 
feet,  this  portion  was  kept  up  with  a  roadway  on  the  top  at  level  of  na- 
tural surface. 

No.  2a  carried  away'. — But  the  erosion  mentioned  above  had  attacked 
the  next  Spur  No.  2a,  with  so  much  force  that  it  was  finally  carried  away 
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on  the  16th  Marcli.  Before  being  finally  washed  down,  it  had  been  twice 
breached  and  twice  repaired,  and  a  large  number  of  trees  had  been  an- 
chored out  at  its  head  in  order  to  sare  it,  bat  once  the  erosion  ceased 
higher  up  at  Spar  No.  I.,  and  the  force  of  the  stream  was  off  the  bank  it 
was  not  considered  necessary  to  keep  it  np. 

Spur  A'o.  //.  attacked, — Spur  No.  II.  which  was  originally  120  feet 
long  lost  10  feet  at  its  head  by  Ist  March,  on  the  2nd  40  feet  more  had 
got  completely  submerged,  bat  this  was  repaired  and  made  np  to  its  first 
level.  Again  the  end  of  it  sunk,  and  as  the  cnrrent  also  lessened  very 
much  here,  it  was  not  necessary  to  keep  it  up  to  the  full  length,  the  first 
80  feet  were  strengthened  and  by  the  2nd  April ,  the  velocity  past  the  spur 
liad  very  considerably  decreased  and  no  further  apprehensions  were  enter- 
tained at  this  point. 

Spur  No.  II J. — Spur  No.  III.  was  partly  carried  away  and  a  length  of 
110  feet  was  maintained  and  strengthened.  . 

Changes  in  the  direction  of  the  river. — By  the  end  of  April,  the  main 
stream  had  left  the  right  bank  as  far  as  the  loop  line  band.  Spurs  Nos. 
I.  and  II.  were  lying  almost  in  still  water.  No.  III.  Had  all  the  fighting 
to  do  as  the  impact  of  the  river  was  on  that  part  of  its  bank  near  the 
hand  from  which  it  turned  off  sweeping  past  No.  III.  Spur  with  a  very 
high  velocity,  and  finally  going  off  in  an  easterly  direction. 

Further  changes. — By  the  1st  May  the  only  part  of  the  west  bank,  viz., 
the  end  of  the  loop  line  band  was  also  abandoned  by  the  river  which  took 
the  straight  course  shown  on  Plate  III.,  and  made  the  result  of  the 
works  undertaken  during  the  previous  5  months  a  most  complete  success. 
The  sites  where  the  spurs  were  constructed  are  now  a  succession  of  large 
sand  banks  which  have  been  raised  to  within  2  feet  of  the  level  of  the 
adjoining  ground  by  the  silt  deposit  during  the  six  months  of  May  to  Octo- 
ber when  the  river  was  in  flood.  The  floods  having  been  much  lower 
than  usual  this  year  the  silt  did  not  deposit  to  so  great  a  height  as  it 
would  have  in  ordinary  seasons,  that  is  up  to  the  level  of  the  ground. 

Brovmlow  ti^^e^fs.-— The  casks  mentioned  in  the  statement  of  cost  of  the 
works  were  used  in  making  up  the  floating  weeds  known  as  Brownlow^s 
weeds.  These  were  anchored  out  in  continuation  of  the  spurs,  but  not  in 
sufi&cient  numbers  to  prove  of  much  effect.  I  have  worked  with  them  before 
but  never  with  satisfactory  results,  and  before  this  could  be  attained  in  a 
river  like  the  Indus  it  would  require  a  very  large  number  indeed  of  the 
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casks  and  weeds,  in  fact  a  r^gnlar  forest  of  them  if  it  was  intended  tbt 
bj  their  checking  the  velocity  of  the  water,  a  deposit  of  weeds,  inbbisfa, 
silt,  &c.,  should  be  formed,  a  small  namber  of  them  is  of  no  nse,  and  la 
I  did  not  nse  more  than  20  at  a  time  in  the  works  at  Kharakwalaii,  do- 

ft 

thing  was  gained  by  them. 

Cost  of  works. — A  statement  accompanies  this  report  sbowing  the  eQ6t 
of  the  works  under  the  two  heads  of  Spur  No.  I.,  and  all  the  others  in  a 
lump.  The  cost  includes  all  expenditure  from  the  time  they  were  com- 
menced up  to  completion  and  forms  a  very  fairly  accurate  estimate  for 
other  similar  works  under  the  same  conditions,  where  the  conditions  differ 
rates  of  work  can  be  deduced.  From  the  statement  we  find  that  the  co«t 
per  running  foot  of  Spur  No.  I.,  was  Rs.  6^,  other  Spurs  Rs.  25^.  Tak- 
ing the  cubical  content  of  the  two  classes  the  first  cost  Rs.  3^  to  4,  tbe 
second  Rs.  7  per* hundred  cubic  feet.  The  labour  cost  aboat  three-qnarten, 
the  materials  about  one-quarter,  of  the  whole  cost. 
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No.  COLXXXI. 

THE  GOON  CONCRETE  BBIDGB,  DALHOUSIE  AND 

LUNSU  ROAD. 

[  Vide  Plate]. 


Bt  Major  T.  C.  Mandbubon,  R.E.^  Exec.   Engineer,  Dalioueie 
Divieion. 


This  bridge  was  commenced  in  Noyember  1876  and  completed  in  Sep- 
tember 1877. 

The  span  is  66  feet  and  the  ripe  of  the  arch  (segmental)  is  11  feet. 

The  width  of  the  concrete  arch  is  15  feet  8  inches,  thickness  at  crown 
8  feet  8  inches,  and  on  abutments  6  feet. 

The  width  of  the  roadway  inside  parapet  walls  is  18  feet  8  inches. 

On  the  right  bank  of  the  torrent,  the  abutment  of  the  bridge,  (com- 
posed of  rabble  masonry,)  is  founded  on  rock  at  a  depth  of  about  16  feet 
below  the  springing  level  of  the  arch.  The  concrete  arch  rests  on  this 
abutment  for  a  length  of  16  feet. 

On  the  left  bank  of  the  torrent,  the  concrete  arch  rests  on  solid  rock 
for  a  length  of  8  feet  6  inches. 

The  masonry  of  the  right  abutment  of  the  bridge  consists  of  roughly 
dressed  stones  of  various  descriptions,  set  in  mortar,  composed  of  equal 
parts  of  stone  lime  and  pakka  surkhi. 

The  superstructure  masonry  is  of  the  same  description  of  stones,  set 

in  mortar,  composed  of  two  parts  lime,  to  one  part  of  surkhi.    The  quoin 

stones  of  the  masonry  on  right  abutment,  however,  are  of  chisel-dressed 

blue  sandstone. 

The  lime  and  surkhi  were  measured  and  mixed  dry,  and  afterwards 
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ground  together  in  native  floor  grinding  mills,  worked  by  water-power, 
about  50  yards  above  the  site  of  the  bridge. 

In  bailding,  the  stones  for  the  masonry  of  the  abutments,  &c.,  after 
immersion  in  the  torrent  for  several  hours,  were  plastered  over  with 
mortar  on  all  unexposed  surfaces  before  being  laid,  and  were  rammed 
into  their  places  with  wooden  rammers. 

The  left  abutment  was  prepared  by  blasting  and  picking  ont  a  place  of 
the  required  dimensions  in  the  solid  rock. 

Whilst  the  right  abutment  was  in  course  of  construction  and  the  pre- 
paration of  the  left  abutment  in  progress,  a  centering  composed  of  drj 
stone,  carefully  packed,  was  being  built  up  across  the  bed  of  the  torrent 
The  height  of  this  centering  ranged  up  to  28  feet. 

In  the  bottom  of  this  dry  stone  centering,  three  waterway  channel 
were  constructed,  viz.: — One  5  feet  span,  11  feet  high  ;  and  two  3  fee 
span,  and  3  feet  high. 

The  centre  waterway  of  5  feet  span  was  covered  over  with  a  dry  ston 
arch,  and  the  smaller  waterways  with  large  stones. 

The  faces  of  the  centre  had  a  batter  of  1  in  4. 

The  top  of  the  dry  stone  centering  was  finished  off  with  tlie  saui 
curve  atf  the  intrados  of.  the  concrete  arch,  which  was  to  be  rammed  c 
top  of  it. 

The  width  of  the  stone  centre  at  top  was  made  sufficient  to  allow  < 
the  construction  of  dry  stone  walls  above  it,  with  vertical  inner  face 
(and  with  a  batter  of  1  in  4  on  the  outsides)  within  which  the  concre 
lirch  was  to  be  constructed.     A  dry  stone  wall  was  also  constructed 
the  end  of  the  right  abutment. 

The  inner  faces  of  the  walls  built  on  the  top  of  the  centering  and  also 
the  wall  at  end  of  right  abutment  were  plastered  over  with  mortar,  coi 
posed  of  one  part  lime  to  one  and  a  half  of  surkhi,  the  object  of  the  plasi 
work  being  to  admit  of  the  ready  removal  of  the  dry  stone  walls  withe 
injury  to  the  faces  of  the  arch,  and  also  to  allow  of  the  cnrrea  of  1 
layers  of  concrete  being  accurately  marked  on  the  surface  of  the  plaat 

The  top  of  the  centering  was  concreted  with  coarse  concrete,  compoi 
.  of  one  part  mortar  to  five  of  ballast,  laid  on,  of  the  necessary  thickn< 
to  produce  the  required  curve  of  the  intrados. 

After  this  coarse  concrete  had  been  rammed  and  brought  to  a  mod 
ately  smooth  surface,  small  stones  from  the  bed  of  the  torrent  w 
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nprtnkled  oyer  it  and  rammed  into  it,  the  object  of  this  being  to  facilitate 
tlie  removal  of  the  centering  withoat  injarj  to  the  under  snrface  of  the 
arch. 

After  this  centering  had  been  completed  an  nnnsnally  high  flood,  ris- 
ing^ above  the  level  of  the  top  of  the  centre  waterway  channel  caused 
extensive  scouring  under  the  walls,  and  it  was  found  necessary  to  under- 
pin them  with  dry  stone,  raise  the  floor  of  the  waterway  channel  4  feet 
as  additional  security,  and  form  an  extensive  apron  of  stones  thrown  into 
the  bed  of  the  torrent  on  tlie  down-stream  side. 

The  construction  of  the  concrete  arch  was  next  commenced. 
The  concrete  was  composed  of  one  part  mortar  to  four  parts  of  ballast. 
The  mortar  of  the  three  lower  layers  of  concrete  consisted  of  three 
parts  lime  to  two  parts  of  sarkhi,  and  for  the  upper  ten  layers,  of  two 
parts  lime  to  one  of  eurkhi. 

The  lime  and  snrkhi  were  mixed  dry,  and  afterwards  ground  together 
in  native  flour  mills.  The  ballast  was  quartziferoas  rock,  in  size  vary* 
ing  from  coarse  sand  up  to  2^  inch  pieces.  This  ballast  was  found  in 
the  bed  of  the  torrent,  about  400  yards  below  the  bridge  site.  It  was 
produced  in  the  course  of  constraction  of  the  road,  by  the  precipitation, 
from  a  great  height  of  the  rock  blasted,  from  the  hill  side,  into  the  bed 
of  the  torrent. 

This  class  of  ballast  gave  a  low  percentage  of  interstices,  and  the  con- 
crete could  not  be  rammed  down  more  than  about  20  per  cent. 

The  first  layer  of  concrete  was  6  inches  thick  on  abutments  and  over 
arch,  all  the  other  layers  were  4  inches  thick  at  the  crown  and  7  inches 
on  the  abutments.  To  admit  of  these  layers  being  accurately  spread, 
curved  lines  were  accurately  drawn  on  the  plaster  on  the  inner  faces  of 
the  walls  on  the  top  of  the  centering. 

The  ballast  used  at  the  crown  of  the  arch  was  finer  than  that  used  to- 
wards the  haunches.  Roughly  speaking  the  ballast  at  the  crown  did  not 
contain  larger  than  Ij^  inch  pieces,  whilst  at  the  haunches  they  ranged 
up  to  2^  inches. 

In  all  there  were  18  layers  rammed  in  this  arch.  The  actual  thick- 
ness of  concrete  laid  on  at  crown  was  one  6-inch  layer  +  twelve  4-inch 
layers  s=  54  inches,  this  was  rammed  down  to  44  inches ;  on  the  abut- 
ment there  was  one  6-inch  layer  +  twelve  7-ineh  layers  =  90  inches 
and  this  was  rammed  down  to  72  inches. 
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From  the  crown  to  the  abntments,  therefore,  the  reduction  due  to  ike 
ramming  increased  from  18^  percent,  to  20  (Arcent.  i 

The  concrete  was  mixed  in  heaps  of  4  cabic  feet  of  ballmst  to  1  eabk 
feet  of  mortar  paste,  and  it  was  mixed  only  as  required.  The  rmmming  of 
the  layers  of  concrete  was  effected  with  ordinary  iron  road  metal  imnimei«« 
and  it  was  carried  on  until  the  consolidation  was  such,  that  no  ▼isiUe  in- 
dentation was  left  on  the  surface  of  the  concrete  by  a  heayy  blow,  eresAj 
dealt,  with  a  rammer. 

It  took  on  an  average  three  days  to  mix  and  ram  a  layer. 

The  spreading  of  the  concrete  and  ramming  were  commenced  from 
the  crown  of  the  aCrch  and  carried  on  to  the  haunches. 

Mortar  and  mortar  wash  were  used  as  required,  to  supply  any  defici- 
ency of  matrix  or  moisture. 

Before  spreading  a  layer  of  concrete,  the  side  walls  abore  the  center- 
ing were  *'  daubed  oyer  "  with  mortar  to  guard  against  any  deficiezicj  of 
matrix  in  those  places  where  the  ramming  was  most  dfficult 

The  concrete  arch  was  commenced  on  the  9th  March  and  completed 
on  the  evening  of  the  4th  May.  The  construction  was  mach  delayed  by 
heavy  and  continuous  rain-fall.  Of  the  57  days  between  the  date  of  com- 
mencement and  the  date  of  completion  of  the  arch,  work  had  to  be 
entirely  suspended  for  14  days.  The  actual  time  occupied  in  oonatrue- 
tion  being  48  days  and  11  nights. 

On  the  morning  of  the  6th  May,  a  flood  which  caused  a  heading  up  of 
the  torrent  to  a  height  of  8  feet  over  the  top  of  the  concrete  abutment, 
carried  away  a  large  portion  of  the  centering.  Again  on  the  9th  May, 
another  flood  cleared  out  still  more  of  the  stone  centering  and  the  remain- 
der was  removed  a  short  time  afterwards.  This  sudden  and  unexpected 
removal  of  the  centre  caased  no  damage  whatever  to  the  concrete  arch, 
and  saved  part  of  the  cost  of  the  removal  of  the  centre. 

The  spandrel  walls  above  the  concrete  arch  were  commenced  on  the 
26th  May,  and  the  dry  stone  filling  between  them  packed  on  in  the  monih 

of  August. 

Selected  stones  from  the  remains  of  the  centering  were  used  in  the 
construction  of  the  spandrel  walls,  dry  stone  backing  of  the  arch,  Ac 
For  dimensions,  iee  Plate  attached. 
The  Bridge  is  intended  to  bear  cart  traffic,  and  cost  Be.  6,722. 

T*  C*  M« 
870 


k 


No.  CCLXXXII. 


NOTE    ON  DIFFICULTIES  IN  CONSTRUCTION  OF  A 

TUNNEL,  HOLKAR  RAILWAY. 


£y  the  Engineer-in-Chie/,  Holhar  and  Neemuch  Railway. 


TuNNBii  No.  2  of  the  Holkar  State  Railway  is  sitaated  on  the  67^  mile 
from  Khnndwa  on  the  1  in  40  inoline.  The  length  of  the  tannel  is  115 
yards,  all  of  which  is  lined. 

The  character  of  the  formation  through  which  Tnnnel  No.  2.  passes  is 
very  peculiar,  consisting  of  what  appears  on  the  outside  to  he  fairly  co-* 
lamnar  hasalt,  the  columns  of  which  are  very  high,  in  some  cases  as  much 
as  40  or  50  f^et,  but  are  so  irregular,  that  they  may  more  properly  be 
described  as  a  series  of  cones,  some  held  together  by  the  clay  in  the  joints, 
while  others  are  retained  in  their  position  by  pressure. 

In  running  the  heading,  the  material  met  with  showed  no  tendency  to 
slip,  attributable  no  doubt  to  the  dimensions  of  the  heading,  these  being 
only  about  6x6  feet  in  section.  Throughont  its  length  blasting  was 
necessary. 

No  difiScnlty  in  working  oat  the  full  section  of  the  tannel  was  there- 
fore apprehended,  and  the  complications  and  difficulties  which  have  since 
been  experienced  only  became  apparent  when  the  open  cuttings  at  each 
end  were  completed ;  the  material  then  appeared  sound  enough  to  tunnel. 
Tunnelling  operations  were  commenced  on  the  full  section  in  June  1876, 
but  on  the  8rd  July  1876,  at  S  a.  m.,  when  the  work  was  being  pushed 
on  day  and  night  with  both  ends  shored  up  to  avoid  risk,  both  faces  slip- 
ped almost  simultaneously ;  such  a  coincidence  could  hardly  be  expected 
to  occur,  bat  it  was  no  doubt  caused  by  the  heavy  rain  which  fell  on  the 
Ist  Jaly,  and  this  percolating  through  the  joints,  caused  masses  of  de- 
composed basalt  to  slide.    By  this  accident  14  men  were  shut  ap  inside 
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the  tunnel  for  ftbont  9  hours,  when  a  small  drift  was  made  through  Um 
dibris  sufiSoient  to  allow  of  the  14  men  being  drawn  out,  happily  witk 
no  worse  result  than  that  of  having  been  shut  up  under  ground  for  9  boon 
in  a  oonfined  space. 

It  beoame  necessary  to  shore  up  both  the  faces  exposed  bj  these  slips 
In  a  yery  substantial  manner,  and  the  east  face  presenting  the  wont  fei- 
tures  was  shored  up  from  top  to  bottom,  to  a  height  of  ebont  60  M, 
with  baulks  of  teak  14  inches  square  in  section,  the  upright s  end  taking 
struts  being  all  firmlj  wedged  up  against  the  face  of  the  tmmd. 

In  August  1876,  when  everything  was  again  readj  for  m  fmk  list 
and  all  the  dibrii  Bad  been  removed,  another  vertical  slip,  canyiaf  iS 
stagings  with  it,  occurred,  and  the  woik  was  stopped.     A  thiid 
shoring  was  put  up,  and  material  deUrered  at  site  to  enahle  the 
be  oarried  on,  but  just  as  the  centre  line  was  being  slaked  out  to 
masonry  to  be  started,  another  slip  at  each  eod  eccuueJ 
progrese*    The  cause  of  the  sUpa  was  that  the  day 

« 

allowed  the  Uocka  of  murum  to  slide;  these  blo^a  were  all 

of  con<e,  and  a  distubaiice  of  one  was  genarally  fidlowed  bj  tke 

a  reiy  large  maas. 

It  was  not  till  the  eMsmenoement  of  the  eold  aeaaon  of  187C-7 
the  ahoringa  were  eomplrted^  when  it  waa  thoqght  thai 
the  difficullMB  or  deUya  eaoaed  by  dipa  would 
cihsged  out»  and  the  sides  widened  to  foil  aeelion, 
a  tsadwicy  to  slide  were  aD  shoved  up ;  horiaental 
epcighta  weve  advaaeed  iande  the  tnnd,  and  a  leng^  ef  ahai^  M 
of  hniag  oatside  ttM  eaai  tee  of  the  tanad  having 
ki«&  ef  it  feet  wiA  ifesited,  and  Aa  side  waDa.  of 
esntRe  and  te  aithiag. 

Oa  ^  4lh  DeceadUr  1^6,  when  As  csntiea  wa 
la  Aa  wmA  er  tee  of  the  taHMl»  «ke  whab  of 
hellMof  «allai«dw«^««7«««nlhitantetehnsmisMsi^ 
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in  the  Bhorings  would  haTo  interfered  with  progress  and  prevented  access 
to  the  heading  for  seyeral  days.    Every  effort  was  accordingly  made  to 
commtinicate  with  the  men  from  the  west  end,  and  a  gallery  was  pushed 
in  for  a  short  distance,  when  part  of  the  broken  timber  staging  stopped 
the  progress.    At  the  same  time  the  apper  portions  of  the  cliff  gaye  in- 
dications of  a  fresh  slip.    Attempts  were  made  to  pall  down  some  of  the 
top  pieces  of  rock  by  means  of  tackle  worked  from  below,  bat  little  pro- 
gress was  made,  for  as  fast  as  the  dSbria  were  remored,  more  of  the  face 
fell  in.     By  removing  the  dShris  as  fast  as  the  gangs  coold  work,  a  small 
hole  leading  into  the  heading  was  strack,  and  commnnication  was  made 
with  the  men  inside,  who  were  then  with  the  greatest  care  drawn  through 
the  aperture  all  safe  after  having  been  shut  up  in  the  heading  for  about 
dO  hours.    This  accident,  irrespective  of  the  diflSculty  experienced  in  re- 
lieving the  men,  and  the  disappointment  of  the  work  being  again  delayed, 
was  the  worst  one  that  had  occurred. 

As  a  result  of  these  slips,  the  dibris  had  to  be  carried  away  through 
the  portion  of  the  entrances  already  lined,  and  with  broken  timbers  and 
centres  all  jumbled  together  in  a  working  face  of  16  feet,  progress  was 
delayed,  while  the  face  became  worse  by  time.  An  endeavour  was  made 
to  adrance  the  work  on  both  sides  by  6  feet  lengths,  so  as  to  carry  on 
the  lining  pari  pcatu  with  the  widening  and  clearance  of  the  entrance, 
but  this  fkiled  from  the  faces  becoming  too  dangerous  for  the  men  to 
work  beneath. 

As  the  early  opemng  of  the  through  line  to  Mhow  depended  upon  the 
completion  of  this  tunnel,  a  special  Committee  was  assembled  on  the  Ist 
February  1877,  to  devise  measures  for  the  prevention  of  further  mishaps, 
and  for  the  safe  and  rapid  prosecution  of  the  works,  so  as  to  endeavour 
to  have  the  tunnel  in  a  state  which  would  admit  of  trains  working  through 
it  with  safety  during  the  monsoon  of  1877. 

After  careful  consideration  of  the  importance  of  opening  the  Ghftt  sec- 
tion within  a  reasonable  period  of  time,  and  bearing  in  mind  the  means 
which  have  been  adopted  in  the  construction  of  tunnels  on  other  raUways, 
the  Committee  recommended  that  an  open  cutting  should  be  made  through 
the  spur,  arching  put  in,  and  murum  filled  in  over  the  arching  to  act 
as  a  cushion. 

On  receipt  of  the  Beport  of  the  Committee,  the  (Government  of  India 
approved  of  the  substitution  of  an  open  cutting,  and  arching  over  the  line 
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of  railway  for  the  originally  proposed  tannel,  bat  at  the  Bame  time  sug- 
gested that  the  prudence  of  turning  heavy  arches  over  the  approaches  to 
the  tunnel  should  be  considered,  as  if  slips  were  rendered  harmless  by  tk 
adoption  of  this  measure  in  front  of  the  faces  of  the  tunnel,  it  m^ht  be 
possible  to  proceed  with  the  closed  catting,  and  with  greater  safety  thai 
the  proposed  open  one. 

It  was,  however,  found  that  no  advantage  would  be  gained  by  taraiog 
heavy  arches  over  the  approaches  to  the  tunnel,  as  when  the  excaratioa 
forward  and  down  from  the  surface  proceeded,  there  appeared  no  changv 
in  the  nature  of  the  material  which  rendered  it  so  liable  to  slip  on  the 
faces,  and  it  was  not  likely  that  harder  material  would  be  met  with,  and 
that  consequently  tunnelling  operations  could  not  be  renewed ;  the  result 
has  justified  the  opinion. 

By  the  end  of  April  1877  about  60  feet  in  depth  of  catting  had  been 
done,  and  preparation  made  to  line  about  50  feet  of  west  approach.  Hie 
work  was  vigorously  pushed  on  to  a  depth  of  about  100  feet,  when  the 
following  slip  stopped  its  progress  for  some  time. 

On  the  14th  September  1877  the  central  portion  of  the  upper  or 
northern  slope  of  the  cutting  at  about  75'  feet  from  the  top  bulged  out 
for  a  distance  of  about  100  feet  and  fell  in,  completely  filling  up  the  por- 
tion excavated  to  a  height  of  about  75  feet  above  the  formation  level. 
The  excavation  previous  to  the  slip  had  been  almost  completed*  to  a  level 
of  about  16  or  18  feet  above  formation,  and  a  length  of  lining  of  12  feet 
had  just  been  completed,  and  before  this  latter  could  be  covered  over  with 
filling,  a  large  portion  of  detached  rock  struck  it,  and  broke  part  of  it 
The  centres  had  not  been  removed  and  two  of  these  were  smashed. 
About  30,000  cubic  feet  of  stuff  fell  in,  but  fortunately  no  one  was  at 
the  time  in  the  cutting,  or  escape  would  have  been  almost  impossible. 
It  took  nearly  six  weeks  to  clear  the  dibria  of  this  slip. 

Since  this  date  no  serious  accident  occurred  and  the  progress  was  un- 
interrupted, and  on  the  20th  December  1877  the  tunnel  was  made  ready 
for  the  necessary  inspection  before  opening. 
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LIMES  AND  CEMENTS. 


Bt  p.  D£J0UX,  Esq.j  Eree.  Engineer,  Cements  Division. 


To  tk€  Ediior  Profesticntii  Pmptm. 

Caleuiia,  ISihMay  1878. 

DsAB  Sib,— I  hare  the  pleamre  of  sending  yon  a  printed  copy  of  a 
Paper  on  Limes,  Cements,  &c,  I  haye  jost  sent  to  Qoyenunent  for  cir- 
culation, thinking  yon  should  like  perhaps  to  reproduce  it  in  one  of  the 
Numbers  of  the  Professional  Papers  on  Lidian  Engineering. 

I  will  also  send  you  in  a  short  time  a  rather  long  paper  on  Manufac- 
ture of  Portland  Cement  in  Lidia  with  any  kind  of  limestone,  including 
kankar,  &o. 

2.    I  need  add  that  while  Part  L  of  the  paper  is,  more  or  less,  based 

on  theory,  Part  IL  contains  practical  remarks  concluded  from  experience 

as  well  as  theory. 

P.  D. 


Part  L— PAPEB  ON  LIMES,  CEMENTS,  SANDS,  SUBEHI 

AND  MORTARS. 

Ist'^Induratian  of  fat  lime. 

1.  If  pure  lime  is  dissolved  in  water  and  left  exposed  to  air/ the 
carbonic  add  combines  very  speedily  with  the  lime,  and  the  carbonate 
of  lime  formed  gets  precipitated  as  pellicles,  which  adhere  strongly  to  the 
solid  bodies  coming  in  contact  with  them. 

2.  If  the  lime  instead  of  being  dissolved  in  water  is  left  exposed  to 
air  and  gets  dry  qnickly,  it  absorbs  the  carbonic  acid,  but  the  grains  of 
carbonate  remain  separated  without  adhering  to  each  other. 
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2nd,*^Indur<Ui(m  of  a  mortar  of  fat  lime  and  sand. 

1.  If  such  mortar  is  immersed,  or  kept  in  a  place  always  damp,  tk 
lime  after  a  time  dissolyes  entirely  and  sand  alone  remains. 

2.  If  the  mortar  is  allowed  to  dry  quickly,  the  lime  rapidly  abnibs 
the  carbonic  acid,  and  the  result  remains  in  a  mixture  of  sand  and  calcin- 
ous  powder  not  adhering  together. 

8.  If  otherwise  the  mortar  is  kept  in  a  proper  state  of  moisture,  the 
lime  dissolring  slowly  will  absorb  the  carbonic  add. 

The  carbonate  will  not  be  washed  away,  but  on  the  contrary  get  deposi- 
ted as  a  kind  of  varnish  on  the  grains  of  sand. 

The  water  then  in  presence  of  the  excess  of  lime  remaining  will  dissoln 
another  small  quantity  of  it,  which,  being  transformed  also  into  a  carbonate, 
^nH  adhere  to  the  first  coating  strongly.  The  process  will  oontmoe  in 
the  same  manner  until  the  entire  induration  of  the  mass  of  mortar. 

Srd.'-^Efftct  of  sand  on  mortars. 

1.  The  effect  of  sand  is  purely  mechanical,  and  no  chemical  composi- 
tion between  the  sand  and  lime  takes  place. 

2.  It  facilitates  the  passage  of  the  carbonic  acid  through  the  mass. 
8.    If  it  has  sharp  angles,  it  giyes  a  good  hold  to  the  carbonate  formed 

by  exposure  to  air,  an4  increases  the  degree  of  cohesion  of  the  mortar. 

4.  The  strength  of  a  mortar  of  fat  lime  increases  proportionally  from 
^  to  2  parts  of  sand  for  1  of  lime. 

5.  The  sand  must  be  coarse  and  sharp.  In  fact,  the  sisc  of  the 
grain  of  such  sand  ought  to  vary  from  ^^  to  ^^  of  an  inch. 

4tA. — Surkhi  as  a  substitute  for  sand. 

1.  In  places  where  good  sand  is  not  obtainable,  the  best  substitute  for 
it  is  ''  surkhi,''  the  powder,  of  well  burnt  bricks.  Indeed,  the  harder  the 
bricks  are  the  better  frill  the  surkhi  be. 

2.  It  will  then  act  similarly  to  sand  as  an  inert  matter,  not  giring  soj 
hydraulicity  to  the  mortar. 

8.  The  size  of  the  grains  of  such  surkhi  ought  to  vary  from  ^  to 
jijf  of  an  inch. 

6th,-^Induration  of  hydrauUc  lime. 

1.  An  ordinary  hydraulic  limestone  contains  silica,  alumina,  carbonite 
of  lime,  and  smaH  proportions  of  oxide  of  iron,  magnesia,  manganese 
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and  salphaie  of  lime,  which  generally  cannot  hare  an  appreciable  effect 
on  the  setting  of  the  lime. 

2.  When  calcined,  silicates  and  alominates  of  lime  are  formed  and  some 
hydrated  lime  remains  with  the  otiier  foreign  matters.  Upon  being  made 
into  paste  by  the  addition  of  water,  the  silicates  and  alaminates  of  lime 
get  hydrated  and  crystallize  afterwards,  and  therefore  harden.  Some  of 
the  hydrated  lime  gets  transformed  into  carbonate  of  lime,  and  some  dis- 
solves in  proportions  varying  according  to  the  quantity  of  silica  and 
alnmina  contained  in  the  lime,  forming  either  smaller  or  larger  proportions 
of  silicates  and  alnminates  of  lime. 

6th. — Induration  of  hydraulic  mortars  made  with  fat  lime  and  properly 

Ifumt  clay  or  puizolanna. 

1.  If  a  fat  lime  is  mixed  with  a  certain  proportion  of  pnre  day  bomt 
to  the  proper  degree,  the  same  reaction  as  for  hydraulic  lime  takes  place 
in  the  setting  of  the  mortar,  with  the  difference  that,  if  enough  powder  of 
burnt  clay  is  mixed  with  the  fat  lime,  almost  the  whole  will  be  transformed 
into  silicates  and  aluminates  of  lime,  provided  it  is  either  immersed  or 
kept  Lq  a  place  always  damp. 

2.  A  mortar  of  first-rate  puzzolanna  and  a  suitable  proportion  of  lime 
will  therefore  have  very  litUe  lime  dissolved,  and  will  be  less  porous  than 
a  mortar  made  with  hydraulic  lime  and  sand. 

d.  It  may  be  said,  however,  that,  on  account  of  the  great  difficulty  of 
burning  clay  or  puzzolanna  to  the  exact  degree  required  for  the  maximum 
power  of  combining  chemically  with  the  lime,  a  good  hydraulic  lime  is 
preferable  on  the  whole. 

4.  The  proportions  in  which  surkhi  ought  to  be  used  for  different  sorts 
of  lime  will  be  found  in  Part  IL 

1th — Remarke  on  surkhi  made  of  burnt  clay  or  of  common  bricks. 

1.  As  it  has  been  stated  in  Chapter  6  that  half  burnt  clay  combines 
chemically  with  fat  lime,  it  is  necessary  to  explain  now  why  the  clay  must 
be  so  burnt. 

2.  Let  us,  however,  first  define  pure  clay. 

Pure  clay. — It  is  a  clay  which  should  be  free  from  sand  and  carbonate 
of  lime,  or,  if  it  does  contain  both,  it  should  not  be  more  than  5  per  cent. 
Glays  are  hydrated  combinations  of  silica  and  alumina. 
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The  degrees  of  calciiiAtion  which  give  them  the  mmimnTn  of  hjdnalic 
properties  haye  been  found,  by  experience,  to  be  the  same  as  the  degree 
of  calcination  required  for  expelling  entirely  the  water  cootained  in  the 
olay.  llierefore  to  transform  clay  into  a  kind  of  puzEolanna,  the  theoret- 
ical calcination  must  be  regulated  so  as  to  expel  the  last  particle  of  water 
without  exceeding  1100°  to  ISOO""  Fahrenheit.  Oliis  is  what  Vicat  calb 
"  cuisson  normale''  (normal  burning). 

8.  Impure  clays  containing  sand,  carbonate  of  lime,  4rC',  cmd  hrici- 
eort^— A  calcination  lasting  a  longer  time  than  for  pure  clay,  to  a  tem- 
perature varying  from  1300^  to  1500^  Fahrenheit,  is  required  for  expd- 
ling  the  carbonic  acid,  &c.,  from  such  clays.  The  fact  of  requiring  a 
higher  temperature  is  the  cause  of  the  inferiority  of  the  surkhi  made 
with  common  bricks. 

4.  From  the  above  it  is  to  be  considered  that  surkhi  made  with  pure 
clay  or  common  brick-earth  requires  only  a  slight  calcination* 

5.  However,  the  practical  hints  for  burning  clay  to  the  proper  degree 
wUl  be  found  in  Part  IL 

SA^^^Induratum  of  cements,  either  natural  or  ixrtificiaL 

1.  Cements  set  quicker  than  any  hydraulic  lime,  and  their  hardening 
increases  much  more  rapidly. 

2.  This  is  due  to  the  fact  that  in  cements  very  nearly  the  whole  of  the 
clay  and  lime  is  transformed  into  silicate  and  aluminate  of  lime,  either  on 
account  of  the  large  proportion  of  clay  contained  in  cements  of  the  qual- 
ity of  Roman  cement,  or  on  account  of  the  high  temperature  to  which 
cements  like  Portland  are  burnt 

The  silicates  and  aluminates  get  hydrated  very  quickly,  and  then  crys- 
tallize in  a  very  short  time,  in  comparison  with  hydraulic  limes,  which 
always  contain  an  excess  of  lime  not  combined. 

9tA."— 24nie-cemento. 

1.  A  great  many  kankars  or  ghootmg  stones  in  India  can  be  considered 
as  containing  a  mixture  of  hydraulic  lime-cement,  more  or  less  quick-set- 
ting, and  a  certain  quantity  of  free  sand  and  day,  which  act  when  burnt 
as  inert  matters. 

2»  The  kankars  generally  slake  very  little,  and  require  always  to  be 
'ground  fine  either  before  or  after  slaking. 

3.  These  kinds  of  lime-cements  ought  to  be  used  only  with  sand  or 
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extra  bnmt  snrUii,  bat  the  admixture  of  half  bamt  snrkhi  would  be 
very  prejadicial  to  the  strength  of  mortar  after  a  certun  time. 

10th, — Hydraulic  limea  or  cements  containing  eulphate  of  lime. 

1.-  According  to  Vicat,  Riyot,  and  other  anthers  of  treatises  on  limes, 
an  J  h  jdraalic  lime  or  cement  containing  a  rather  large  proportion  of  sul- 
phate of  lime  cannot  be  considered  of  good  quality. 

2.  lUyot  mentions  that,  from  the  ezperimenis  made  up  to  1876,  it 
has  been  impossible  to  fix  exactly  what  is  the  largest  proportion  of  sul- 
*phate  of  lime  which  can  exist  in  a  lime  without  injuring  its  hydraulic 

properties  and  the  stability  of  the  mortar  immersed. 

3.  Vicat  says  that  any  limestone  not  containing  more  than  2  per  cent, 
of  sulphate  of  lime  can  be  very  safely  used  for  any  hydraulic  work. 

4.  It  is  easy  to  understand  the  reaction  which,  takes  place  with  the 
sulphate  of  lime  contained  in  an  hydraulic  lime.  The  sulphate  when 
strongly  calcined  gets  hydrated  very  slowly,  and  its  crystallization  takes 
place  after  the  setting  of  the  mortar.  The  increase  of  Yolume  may  there- 
fore disturb  the  mass  of  the  mortar,  especially  if  it  has  been  immersed 
immediately  after  being  prepared. 

5.  I  should  say,  howerer,  from  personal  experience,  that  for  mortars 
made  with  hydraulic  limes  not  containing  more  than  10  per  cent,  of  sul- 
phate, which  haye  been  allowed  to  set  slowly  for  a  certain  time  in  air,  and 
then  put  in  contact  with  water,  the  stability  will  not  be  disturbed.  The 
only  effect  will  be  its  becoming  more  porous  when  the  sulphate  of  lime 
gets  slowly  dissolyed  in  water. 


Part  IL— PBAOTIOAL  BEMABES. 

let.-^Mortar  of  fat  lime  and  sand, 

1.  Such  mortar  ought  to  be  used  only  for  buildings  not  exposed  to 
great  dampness. 

2.  If  the  lime  is  yery  rich  the  best  proportion  should  be: — 

2  parts  of  nnd,  and 
1  part  of  lime. 

3.  If  the  lime  is  meagre  (containing  notable  proportions  of  olaj,  sand 
and  magnesia)  the  quantity  of  sand  must  be  reduced  proportionally. 
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2nd.—Mortar  of  fat  Urm  and  mwhhi  (half  burnt). 

1,  Worhs  immersed.'^FoT  works  constantly  under  water  half  boral 

snrkhi  only  most  be  used,  and  the  following  prox>ortion  is  the  best  for 

a  rich  fat  lime  : — 

2  part  of  fine  (half  bnmt)  sorkhi,  and 
1  part  of  lime. 

2.  Works  exposed  to  the  inclemency  of  the  tveather. — For  baildings  ex- 
posed to  heavy  rain  and  the  damp  climate  of  Bengal,  as  also  to  the  hett 
of  the  sun,  it  will  be  adyisable  to  nse  a  portion  only  of  half  burnt  snrkhi 
and  a  portion  of  sharp  coarse  sand,  or  coarse  snrkhi  extra  bamt ;  bnt  the 
proportion  which  seems  the  best  for  a  rich  fat  lime  is  :^ 

1  part  of  fine  (half  burnt)  snikhi ; 

1  part  of  coarae  (extra  bomt)  ditto ;  and 

1  part  of  lime. 

8rd. — Mode  of  preparation  of  surkhi  posseeeing  hydrauUc  properties, 

1.    Surkhi  made  with  pure  clay. — For  works  in  which  a  reiy  hydru- 
lie  mortar  is  required,  it  is  preferable  to  make  surkhi  from  pure  day 
cut  in  small  pieces  of  about  the  size  of  an  ^g^  (as  found  in  its  natoial 
state),  and  then  burnt  either  in  clamps  or  in  a  kiln.    When  lime  kihis 
are  at  work  at  the  same  place  where  the  surkhi  is  manufactured,  the  beit 
way  to  bum  it  to  a  proper  degree  is  to  load  the  top^art  of  the  kiln  with 
the  raw  clay  and  the  bottom  with  limestone.    The  hydraulic  snrkhi  called 
.  half  burnt  aboTe,  may  be  considered  to  be  burnt  to  the  proper  degree 
when  it  has  been  submitted  to  a  red  dark  heat  and  cannot  dissolre  in 
water;  it  must,  in  fact,  be  a  kind  of  very  soft  brick  which  will,  after  a 
certain  time,  be  affected  by  exposure  to  air,  but  which  must  haye  lost  ths 
plastic  power  of  raw  clay  when  mixed  with  water* 

Surkhi  made  with  common  hick-earth, — This  surkhi  must  be  bonk 
for  a  longer  time  until  the  carbonate  of  lime  it  contains  is  calcined,  how- 
eyer  the  burnt  bricks  must  be  only  a  little  harder  than  those  made  with 
pure  clay. 

Sifting, — These  two  surkhis  madft  either  with  pure  day  or  oommoa 
bricks  require  to  be  ground  so  fine  as  to  giye  the  fat  lime  all  their  hjdraa- 
lie  properties.  They  ought  to  be  sifted  through  a  sieye  of  40  meshes  to 
the  lineal  inch. 

The  chemical  combination  between  the  lime  and  the  burnt  clay  cinnot 
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take  place  if  the  powder  is  coarse,  and  the  mortar  will  be  injured  by  the 
introduction  of  a  soft  inert  body. 

Ath.'^Mode  of  preparation  of  turJthi  ob  a  Bubstiiutt  for  sand, 

1.  Burning, ^—ThQ  surkhi  which  is  to  be  used  either  with  fat  or 
hydraulic  lime  and  cements  when  sand  is  nqt  obtainable,  acting  then  as 
an  inert  matter,  mnst  be  made  either  with  clay  or  bricks  perfectly  well 
bnmty  yery  hard,  and  in  fact  a  little  yitrified,  if  possible. 

2.  Grinding  and  sifting, — This  snrkhi  most  not  be  gronnd  fine; 
and  the  grains  ought  to  be  of  such  a  size  as  to  pass  through  a  sieve  of  8 
meshes,  and  not  pass  through  one  of  16. 

5.— i^amarib^  on  the  mode  of  treating  various  kinds  ofhydraulie  limestones^ 

kankars  or  ghootings, 

1 .  Every  hydraulic  limestone,  kankar  or  ghooting,  contuning  less  than 
25  per  cent,  of  either  clay  or  sand,  should  be  burnt*  slaked,  sifted,  and  the 
refuse  rejected.  If  the  lime  is  properly  burnt,  the  refuse  of  it  ought  not 
to  be  much. 

If  the  refuse,  howeyer,  is  ground  and  mixed  with  the  lime,  it  may  im- 
part to  it  portions  of  a  kind  of  cement,  but  it  also  generally  contains  a 
good  deal  of  inert  matter,  and  thus  the  lime  will  bear  a  less  proportion 
of  sand  than  if  only  the  slaked  lime  was  used,  and  hence  no  sayings  in 
the  final  cost  of  the  mortar  will  be  effected  by  such  a  process. 

This  rule  is  applicable  to  the  generality  of  ghooting  stones  found  in 
Lower  Bengal.   • 

2.  Now  supposing  that  the  kankar  or  ghooting  lime  contains  more 
than  25  and  less  than  83  per  cent,  of  clay  and  sand,  and  that  ihe  propor- 
tion of  free  sand  (not  in  the  state  of  impalpable  powder)  exceeds  5  per 
cent.,  it  will  be  better  to  act  with  it  as  above  shown ;  but  if  the  stone  is 
rather  free  of  sand,  the  lime  may  be  slaked  when  burnt,  and  the  whole 
pulverized  by  a  surkhi-mill  before  screening. 

Buch  lime  will  in  every  case  bear  less  sand  than  that  described  above. 

8.  If  the  kankar  contains  more  than  83  per  cent,  of  clay  and  sand, 
the  last  process  will  be  found  more  advantageous  than  ordinary  slaking. 

Some  of  these  burnt  limes  do  not  slake  when  water  is  poured  over 
them.  For  these  howeyer  it  is  evident  that  grinding  is  necessary ;  but 
there  are  others  which  seem  to  slake,  or  at  any  rate,  turn  into  coarse 
powder. 
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In  many  cases  Apparent  slaking  results  only  from  partial  disint^n^tion 
of  the  mass.  The  parts  containing  enough  clay  to  become  a  kind  of  ce- 
ment are  then  in  too  coarse  a  state  to  have  any  binding  pro^rties,  and 
very  often  sand  is  the  principal  constituent  of  the  finer  portion. 

8nch  lime  may  be  considered  as  composed  of  a  mixture  of  sand,  hy- 
draulic lime  in  yery  small  porportion,  cement  of  very  Tariable  qaality  and 
some  kind  of  puzzolanna;  consequently  a  very  satisfactory  result  can 
only  be  obtained  by  grinding  the  whole  of  the  burnt  stone. 

However  the  powder  thus  obtained  will  never  bear  a  large  proportion 
of  sand  in  the  mortar. 

It  may  even  happen  that  the  lime  must  be  used  alone  as  mortar,  with- 
ont  any  admixture,  when  the  chemical  composition  of  the  stone  shows 
that  it  already  contains  a  large  proportion  of  free  sand. 

This  kind  of  kankar  is  very  common  in  the  Punjab  and  the  North- 
western Provinces.     * 

Eemarka  ahaut  sifting  — ^AU  these  limes  and  lime-cements  ought  to  be 

sifted  through  a  sieve  not  coarser  than  20  meshes  to  the  lineal  inch ;  but 

.  when  very  qtuok  setting  is  required,  a  sieve  of  40  meshes  ought  to  be 

used. 

It  may  seem  strange  to  use  for  fine  half  burnt  surkhi  a  sieve  of  40 
meshes  and  for  lime  one  of  20  only.  The  reason  is,  that  lime  tolerably 
burnt  could  if  properly  dried  pass  through  a  sieve  of  40  meshes  quite  as 
well  as  one  of  20,  by  leaving  rery  little  residue;  but  as  the  particles  of 
fine  lime  adhere  always,  more  or  less,  together,  the  sieve  of  20  meshes 
is  quite  sufficient,  but  it  will  not  answer  for  surkhi  which  is  made  with 
very  dry  bricks. 

6th.^^U8e  of  surkhi *and  sand  tvUh  hydraulic  lime. 

1.  Limes  very  hydraulic. — All  the  hydraulic  limes  which  slake  well, 
and  set  under  water  in  less  than  five  days  can  be  safely  used  without  the 
addition  of  fine  half  burnt  surkhi  for  any  hydraulic  works. 

They  ought  to  be  used  with  either  sharp  sand  or  coarse  surkhi  (extra 
burnt). 

2.  Lines  moderately  hydraulic. — Limes  taking  more  than  five  and  less 
than  ten  days  to  set  under  water  do  not  require  any  admixture  of  half 
burnt  surkhi  for  works  not  requiring  a  great  degree  of  hydranlicity. 

For  works  immersed  and  requiring  to  be  very  hydraulic,  the  following 
proportions  can  be  used : — 
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1  or  1^  parts  of  sand  or  coarse  extra  burnt  snrkhi ; 
I  part  of  sand  or  half  bamt  fine  snrkhi  s  and 
1   part  of  lime. 

8.  Limes  feehlif  hydrmiUc. — They  can  be  considered  as  impnre  fat  lime, 
and  treated  in  the  same  way. 

4.  Lime'Cement8. — Sach  lime-cements  as  slake  yery  little  and  require 
grinding,  do  not  as  a  rule,  reqnire  admixtnre  with  half  bnnit  snrkhi. 

In  fact  they  give  better  resnits  when  simply  mixed  with  either  sand  or 
extra  bamt  snrkhi  and  the  proportion  for  these  cements  ought  never  to 
exceed— 

1|  parts  of  sand  or  extra  bnint  snrkhi,  and 
1   part  of  lime. 

7M. — Cement-mortars, 

1.  (iuich  setting  cement, — For  a  qnick  setting  cement  of  the  kind  of 
Roman  cement,  the  proportion  of  sand  ought  not  to  exceed — 

1  part  of  sand,  and 

1  part  of  cement 

2.  Slow  setting  cement,— For  Portland  and  magnesian  cement  the  best 
proportion  is— 

2  parts  of  sand,  and 
1  part  of  cement 

For  Portland  .cement,  the  quantity  of  sand  could  be  increased  very 
mnch  with  careful  workmen,  bat  with  native  masons  it  will  not  be  safe  to 
exceed^- 

4  parts  of  sand,  and 
1  part  of  cement 

8.  Bemarks,-'  Cement  must  always  be  used  with  less  water  than  hy- 
draulic lime,  and  hydraulic  lime  with  less  water  than  fat  lime. 

4.  Substitute  for  sand, — If  sand  is  not  obtainable,  extra  burnt  coarse 
snrkhi  can  be  used  instead ;  but  the  strength  of  such  mortar  will  be  al- 
ways below  that  of  sand  mortar. 
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TEAK  AND  MASONRY  HOUSES,  BURMAH. 

[Vide  Plate  J. 


By   Robert  Kino,  Esq.,  Exec.  Engineer,  Rangoon  Town  Division. 


Ramffoon,  7ih  Jamtarjf,  1878. 

Two  similar  buildings,  one  for  the  Snperintendent  of  Whanres,  and  one  for 
the  Strand  IVeyentiTe  Officer,  haye  been  built  on  the  riyer  bank,  Rangoon, 
one  on  either  side  of  the  Soolay  Pagoda  Wharf.  Each  bnilding  is  sor- 
Tonnded  by  a  rail  enclosure,  neatly  planted. 

The  basement  floor  consists  of  a  dining-room  16'  6^^  x  16'  6*^,  an  office 
16'  6''  X  16'  6'',  and  a  porch  16'  6'  x  7'  6^  the  walls  of  this  floor  are 
built  of  good  bazaar  bricks  in  mortar,  the  outside  plaster  being  cement, 
and  the  inside  lime.  The  floor,  which  is  two  feet  aboye  the  ground  leyel,  is 
|-inch  of  asphaite  oyer  6  inches  of  broken  brick  concrete.  The  first  floor 
is  entirely  of  teak,  coyered  with  a  corrugated  iron  roof,  the  posts  support- 
ing this  roof,  and  to  which  the  wall  frammg  is  secured,  are  morticed  into 
a  frame  resting  on  and  bolted  down  into  the  basement  walls.  The  floor  i^ 
of  1  inch  teak,  grooyed  and  tongued.  The  yerandah  floor  oyerhangs  the 
basement  and  is  supported  from  the  pillasters  of  the  basement,  by  hand- 
some caryed  te^  brackets. 

Ihe  walling  of  this  floor  is  of  |-inch  teak  planking  grooved  and  tongued, 
the  vertical  joints  being  covered  by  1^'  X  ¥  splims  with  chamfered 
edges,  a  string  course  9'  X  I''  nins  horizontally  around  the  building  and 
lintels  of  the  doors,  the  walling  begins  6  inches  above  this  floor,  and  termi- 
nates 1  foot  5  inches  below  the  underside  of  the  wall-plates,  the  space  under 
the  wall-plates  being  filled  up  with  jaSery  work,  and  that  immediately 
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abo7e  the  floor  with  a  6^^  X  1'  ledge  board  hxmg  on  hinges.  AH  iogibb 
and  verandahs  on  this  floor  are  ceiled  with  half-inch  planking  groored  and 
tongned  and  painted  white,  the  doors  on  basement  are  all  panelled,  on  flie 
first  floor  one-third  panelled  and  two-thirds  Venetian.  The  windows  an 
1^^  glazed  Parisian  sashes  with  diamond-shaped  panes.  The  hand- 
rails to  verandah  are  cut  ont  of  5'  x  8'  and  filled  up  with  ^inch  per- 
forated teak  boarding  with  l|-inch  teak  moulding  at  top  and  bottom. 
The  crest  on  the  ridge  and  the  eave  boards  are  cnt  ont  of  1  inch  planking 
and  painted  slate  colour.    All  exposed  timbers  are  earth  oiled. 

The  above  is  about  the  smallest  of  the  many  bmldings  of  this  descrip- 
tion designed  and  built  by  Mr.  Hathews.  The  General  Hospital,  a  veiy 
large  and  commodious  building,  was  completed  in  March  1872  ;  this  build- 
ing is  entirely  of  timber  with  a  shingle  roof :  the  High  School  has  a 
brickwork  basement  and  timber  first  floor  and  shingle  roof,  the  cloek  tower 
is  of  timber  above  the  basement :  the  Bailors'  Home  is  a  very  handscnne 
building  with  brickwork  basement^  teak  first  floor  and  Mangalore  tiled 
roof. 

R.  K. 
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THE  DUTIES  OF  THE  PUBLIC  WORKS  DEPARTMENT 

DURING  TIMES  OF  FAMINE. 


Bt  Major  C.  C.  Scorr-MoNcaiBFF,  R.E.^  C.S.I.,  Famine  CommU' 
sioner  and  Offg.  Chief  Engineer^  Mysore. 


Ths  Viceroy  last  year  ruled  that  the  Pablic  Works  Department  should 
henceforth  be  the  Chief  Agency  for  Famine  Relief  in  India,  and  that 
the  best  and  most  economic  form  of  all  relief  was  the  construction  of 
large  and  well  devised  works  under  Professional  Agency. 

We  have  good  cause  to  thank  His  Excellency  for  assigning  to  us  so 
hononrable  a  role.  He  has  elsewhere  likened  a  famine  to  a  campaign, 
and  those  who  hare  gone  through  both  will  appreciate  the  likeness. 
Wars  are  happily  rare  now  in  India— not  so  famines.  Many  of  us  came 
out  to  India  thinking  oar  highest  achievement  was  to  be  found  in  the  con- 
struction of  a  great  bridge,  or  the  opening  of  a  canal  or  of  a  railway, 
Now  we  have  a  still  higher  career  open  to  us  to  serve  in  the  fore- 
most rank  in  the  very  forlorn  hope,  in  saving  thousands  from  death. 
Nor  is  it  so  very  easy.  The  Engineer  that  successfully  controls  famine 
labour  must  think  little  of  himself,  every  thing  of  his  work.  For  him  are 
no  holidays,  no  sport,  no  society.  Patience,  temper,  firmness  and  kindness, 
must  always  be  exercised.  He  must  endure  constant  exposure  to  the 
sun,  weary  monotony  of  work,  many  bad  smells,  many  sad  sights.  He 
must  eat  his  meals  and  write  up  his  accounts  when  and  where  he  can. 
He  must  not  be  above  attending  to  many  new  daties.  He  must  look 
closely  after  the  camp  water  supply.    He  must  see  that  the  bazaar  is  well 
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supplied.  He  must  himself  superintend  the  feeding  of  small  babes  tnd 
sickly  mothers.  He  must  attend  closely  to  conservancy.  He  must  see 
that  his  hospital  is  clean  and  well  supplied  with  necessaries  and  that  tha 
medical  subordinate  is  doing  his  duty,  that  loathsome  olcers  are  being 
dressed,  that  itch  ointment  is  being  applied,  that  guinea  worm  cases  are  be- 
ing attended  to,  that  the  weakly  are  getting  suitable  diet,  that  the  dead  are 
being  buried  deep,  and  when,  as  is  likely  enough,  cholera  visits  the  works, 
the  Engineer  must  know  how  best  to  meet  it  and  must  keep  a  cool  head. 
And  the  reward  for  all  this  labour  ?  He  will  be  the  means  of  sarisg 
many  lives.    That  is  surely  enough  ? 

I  do  not  suppose  for  a  moment  that  all  Engineers  will  appreciate 
famine  relief  work.  There  are  some  I  fear  who  could  never  warm  into 
interest  sufficient  to  care  to  take  all  this  toil  to  save  the  life  of  our  dark- 
skinned  brother  more  unsightly  than  ever  when  stricken  with  famine^ 
dirty  and  haggard,  and  offensive. 

There  are  other  Engineers  pure  and  simple  who  look  on  all  this  as  a 
most  aggravating  interruption  to  their  regular  work.  I  do  not  find  fault 
with  them.  Only  the  honour  of  famine  relief  cannot  be  theirs.  They 
can  have  no  heart  for  this  campaign,  nor  ought  they  to^reap  its  laurels. 

As  no  good  soldier  would  wish  for  war  only  that  he  himself  nught 
reap  honour,  so  would  no  good  Engineer  wish  for  a  famine.  But  the 
good  soldier  prepares  himself  beforehand.  So  should  the  Engineer,  and 
in  the  following  Note  I  propose  to  record  a  few  points  which  may  be  use- 
ful, not  evolved  from  my  inner  consciousness  but  from  the  experience  of 
the  last  year.     I  would  treat  of, 

I.    The  duty  of  the  Local  Government  and  its  Chief  Engineer  in 
preparing  projects  for  Famine  Belief. 
II.    The  style  of  work  best  suited  for  the  purpose. 

III.    The  comparative  merits  of  a  few  large  works,  and  many  small  ones. 

lY.    The  action  of  the  P.  W.  Department  when  the  approach  of  a 

Famine  is  dreaded. 
y.    The  scope  of  its  duties  in  a  Famine. 

YI.    The  management  of  a  Famine  Belief  Division. 

YII.    The  close  of  a  Famine. 

I.  It  behoves  the  Chief  Engineer  of  every  Province  to  have  in  his 
office  a  set  of  projects  all  cut  and  dry  suitable  for  famine  relief  work. 
By  consulting  officers  of  local  experience  such  projects  will  not  be  hard 
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to  find.  Most  Collectors  and  Deputy  Commissioners  have  got  some  pet 
scheme  they  wonld  like  carried  out  if  they  conld  only  get  the  money, 
some  road  to  be  made,  some  swamp  to  be  drained.  Pnblio  Works  offi- 
cers are  always  on  the  look  oat  for  snch  works,  and  it  will  be  a  long  time 
before  the  list  is  exhaasted.  There  are  many  regularly  taken  up  by 
Qoyemment,  surveyed,  designed  estimated  but  laid  aside  for  financial 
reasons.  And  there  are  slack  times  when  the  Chief  Engineer  has  one  or 
two  officers  on  his  hands  more  than  he  actually  requires.  What  better 
can  they  be  doing  than  in  working  up  projects  for  the  Famine  Relief 
drawer  ?  The  history  of  the  last  famine  has  been  most  instructive  on  this 
head.  A  few  years  ago  Bombay  had  an  Irrigation  Chief  Engineer  enthu- 
siastically interested  in  his  work,  who  had  project  after  project  drawn  up 
for  irrigating  the  Dekkan  by  canals  and  tanks. 

One  after  another  was  refused  as  not  being  financially  profitable,  and 
when  Colonel  Fife  went  home  he  may  have  looked  sadly  at  all  the  labour 
bestowed  on  these  schemes,  and  to  all  appearance  wasted.  The  famine 
set  in.  There  was  a  cry  for  Relief  works,  and  Bombay  has  come  out  of 
its  troubles  with  Colonel  Fife's  tanks  and  canals  approaching  completion. 
Very  likely  they  will  never  pay  5  per  cent,  on  the  cost  of  their  construc- 
tion, but  when  a  people  have  to  be  kept  alive  anyhow  by  the  State  it  is 
something  to  get  in  return  a  set  of  works  affording  the  best  safeguard 
against  another  Famine. 

II. — The  best  style  of  relief  work,  is  that  on  which  can  be  employed  to 
the  best  advantage  for  a  considerable  period  of  time  large  numbers  of 
unskilled  workers — men,  women,  and  children.  And  that  employment  is 
unquestionably  earthwork,  which  possesses  the  farther  advantage  of  re- 
quiring no  outlay  in  costly  materials,  such  as  bricks,  stone,  iron,  lime, 
&c.  It  is  of  great  importance  to  have  this  labour  as  concentrated  as 
possible,  for  it  must  be  clearly  onderstood  that  the  object  of  a  relief  work 
is  primarily  the  welfare  of  the  workman.  The  feebler  the  workman  the 
more  is  the  necessity  for  looking  after  him,  and  this  at  once  prevents 
the  employment  of  contractors,  and  makes  that  work  unsuitable  which 
cannot  be  daily  inspected  by  an  intelligent  and  trustworthy  officer. 

Viewed  in  this  light,  road-making  is  good  relief  work  in  proportion 
as  the  country  is  hilly  without  being  rocky,  and  the  construction  of  a 
railroad  is  far  superior  to  that  of  an  ordinary  road.  In  the  great 
plains  of  Northern  India,  neither  a  road  nor  a  railroad  can  be  con- 
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sidered  as  the  best  style  of  relief  work.  For  jast  think  of  what  ihej 
inTolre.  A  mile  of  road  50  feet  wide,  raised  three  feet  high  across  a  lerd 
plain  will  be  finished  by  perhaps  1,000  coolies  in  a  months  and  if  r^ief 
works  are  kept  open  for  six  months  these  1,000  coolies  will  have  nude 
six  miles  of  road.  Now,  supposing  there  to  be  no  other  work  in  pro- 
gress within  six  mUes  on  either  side,  this  road  will  hare  to  provide  ob- 
ployment  for  72  square  miles,  and  if  the  population  ia  300  per  squan 
mile  it  will  occupy  less  than  5  per  cent,  of  them,  a  small  proportion  is 
a  famine  stricken  country. 

Moreover  one  Sub-Dirisional  officer  ought  to  be  able  to   look  after 
4,000  coolies,  and  if  4,000  are  concentrated  on  this  road  the  six  miles  will 
be  finished  in  six  weeks,  and  officer  and  labourers  must  all  be  moved 
elsewhere,  which  is  inconyenient.     A  canal,  a  canal  escape,  or  a  deep  drain 
are  all  more  suitable  works.     Drains  have  one  advantage,  that  from 
their  nature  they  must  be  made  in  low  lands.    These  are  often  swamped 
in  other  years,  but  in  famine  years  when  the  country  is  parched  it  is  jost 
the  time  to  dig  them  out.    Any  irrigation  officer  in  Northern  India  will 
testify  to  the  value  of  canal  escapes  and  regret  that  there  are  so  few. 
Digging  new  escapes  is  an  excellent  form  of  labour,  for  it  is  almost  cer- 
tain to  infer  heavy  earth  work  within  the  space  of  a  few  miles. 

Where  the  country  is  more  broken  it  is  easier  to  employ  thoosands  of 
labourers  within  a  limited  space.  Nothing  can  be  better  than  the  hand 
of  an  irrigation  tank.  Some  of  the  great  Dekkan  bands  of  the  Bombay 
Presidency  made  last  year  were  large  enough  to  employ  20,000  coolies  for 
six  months  and  more :  and  that  all  within  the  space  of  three  miles. 

A  railway  through  broken  country  is  nearly  equally  good  employ* 
ment,  and  one  now  being  made  in  Mysore  gave  continuous  occupation  to 
about  13,000  cooUes  foj  the  period  of  nine  months,  although  only  about 
20  miles  was  accomplished. 

Boad  repurs  are,  for  the  reasons  stated  above,  a  bad  form  of  relief 
labour.  It  is  impossible  to  employ  very  many  in  one  place.  A  number 
of  small  parties  infers  a  number  of  subordinates  in  charge. 

The  subordinates  cannot  always  be  selected  carefally.  Temporary  hands 
must  be  employed,  and  the  certain  result  is  that  the  work  is  not  pro- 
perly supervised.  Either  exclusive  attention  is  paid  to  the  cooly,  regard- 
less of  the  work,  or  to  the  work  regardless  of  the  cooly.  Happy  the 
Executive  Engineer,  whose  temporary  overseer  does  not  neglect  both. 
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Road  metalling  moreover  is  not  qnite  so  easily  tested  as  plain  earthwork, 
and  there  is  more  skill  ia  performing  it ;  bat  in  a  great  famine  we 
cannot  be  choosers,  and  this  most  often  be  taken  in  hand,  for  want  of 
aomething  more  suitable.  • 

The  collection  of  road  metal  or  railway  ballast  is  better  than  road 
repairs  and  affords  good  occupation  especially  to  women  and  chUdren, 
while  if  the  metal  be  of  a  kind  that  will  not  deteriorate  with  time,  a 
sabetantial  retam  is  obtained  for  the  outlay. 

The  opening  out  of  endless  new  roads  between  places  where  they 
are  not  wanted,  should  be  steadily  discouraged. 

Probably  there  is  not  a  district  that  has  been  yisited  with  famine  in 
the  last  few  years,  that  cannot  show  miles  of  these  futile  works.  If  they 
are  ever  finished  the  district  funds  cannot  keep  them  in  repair.  If  as  is 
more  likely  they  are  left  unfinished,  the  good  land  they  occupy  is  thrown 
out  of  oultiyation. 

The  reader  may  say  : — '<  All  this  kind  of  work  is  for  the  unskilled.  Is 
the  skilled  artisan  to  be  allowed  to  starve  ?  " 

The  Famine  Commission  now  sitting  will  doubtless  fully  consider  this 
point.  Hitherto  Government  have  only  proposed  to  save  life,  not  to  pro- 
tect from  poverty.  It  is  hard  to  see  how  State  aid  could  be  given  to 
help  some  artisans  in  their  own  craft,  such  as  jewellers,  goldsmiths,  ivory 
workers,  &c  The  ordinary  weaver  might  be  easier  employed  at  a  state 
loom,  but  that  would  be  outside  of  the  Public  Works  Department. 

We  could  find  work,  each  in  his  own  line,  for  the  mason,  the  carpenter, 
the  bricklayer  and  the  blacksmith,  but  it  would  entail  great  expenditure, 
and  close  supervision.  If  State  aid  be  given  in  building  bridges,  barracks, 
&c.,  for  every  thousand  rupees  spent  on  actual  famine  relief,  at  least  three 
thousand  will  be  spent  on  materials. 

It  has  been  said  that  one  Sub-Divisional  officer  can  look  after  4,000 
coolies  digging.  It  would  be  difficult  for  him  to  superintend  buildings 
employing  half  this  number,  earthwork  must  therefore  be  the  mainstay 
of  Famine  Relief,  and  exceptions  to  this  will  be  so  few  that  they  need 
not  be  considered  at  all  in  this  Paper. 

III. — What  has  just  been  said  shows  some  of  the  evils  connected  with 
small  detached  works.  The  difficulty  of  effective  supervision  is  one  great 
drawback,  and  another  very  distinct  one  is  that  when  works  are  brought 
to  every  man's  door  many  will  avail  themselves  of  them  who  are  not 
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deserring  of  State  Relief.  The  ryot  of  a  small  holding  will  not,  xaleu 
hard  pressed,  start  with  wife  and  family  to  a  work  twenty  miles  ofil  If 
he  does  it  shows  that  he  is  really  in  want.  Bat  if  the  work  be  jost  oat- 
side  the  Tillage,  what  is  to  prevent  the  thriving  peasant  from  sending 
his  wife  and  children  to  it  while  he  takes  his  ease  at  home,  or  only  oomes 
now  and  then  to  amose  himself  on  the  work.  He  is  not  the  man  it  is 
necessary  to  help. 

Bat  supposing  he  has  cattle  still  aliye,  who  is  to  tend  them  if  he  and 
all  his  family  are  on  the  Government  works  twenty  miles  off  f  True  he 
may  sell  them,  but  they  will  fetch  a  very  small  price  and  for  the  conntiy's 
recovery  after  the  famine  is  over  it  is  most  important  to  preserve  the 
cattle  alive. 

When  his  cattle  are  dead  or  sold  it  is  hard  to  see  why  the  poor  fellow 
should  not  go  off  to  the  Works,  and  I  have  often  heard  it  said  if  he  refuses 
to  go  twenty  miles  it  shows  he  cannot  be  starving.  Unfortunately  the  ex- 
perience of  this  last  year  teaches  a  different  story.  It  is  beyond  doubt  thtt 
many  have  perished  and  allowed  their  children  to  perish  because  they  woold 
cling  to  their  miserable  empty  hovels.  It  is  easy  to  say — ^  then  let  them 
starve/    But  he  who  has  actually  seen  starvation  will  not  say  it  readily. 

Much  depends  on  the  season  of  the  year.  There  are  some  months 
when  even  in  ordinary  years  no  agricultural  labour  is  required  on  diy 
lands.  There  is  nothing  sown,  no  ploughing,  no  weeding,  no  threshing. 
At  such  a  time  it  ought  to  be  easiest  of  all  to  get  the  starving  oootj 
away  from  his  village.  But  even  with  famine  in  the  land  there  may  be 
at  times  odd  jobs  to  be  hoped  for  if  he  stays  at  home.  The  monsoon 
rains  may  be  due.  Clouds  may  be  gathering,  and  the  ryot  may  nataial- 
ly  think  that  he  ought  to  be  near  home  to  till  his  patch  of  land  when  the 
rain  falls.  This  is  hardly  to  be  discouraged,  and  yet  the  poor  fellow  will 
go  on  hoping  and  starving  till  he  is  past  all  relief. 

It  may  be  laid  down  then  that,  if  possible,  relief  works  should  be  on  s 
large  scale,  and  that  the  labour  should  be  massed  and  detached  from  the 
villages.  But  there  should  be  no  hard  and  fast  line  drawn.  It  is  eren 
possible  that  the  country  may  benefit  more  by  the  construction  of  many 
small  works  (such  as  tanks  in  a  hilly  country)  than  of  a  few  large  ones. 

lY.— -I  am  afraid  it  cannot  be  denied  that  when  famines  have  come 
on  as  in  India,  too  often  they  have  found  us  unprepared.  The  vener- 
able account  of  Moses'  crowning  plague  has  a  significance  of  its  own  still. 
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'^  And  when  Pharaoh  rose  op  in  the  night,  he  and  all  his  servants,  and  all 
**  the  Egyptians ;  and  there  was  a  great  cry  in  Egypt ;  for  there  was  not 
'^  a  lioase  where  there  was  not  one  dead."  This  is  not  mach  to  be  won- 
dered at,  a  strong  Qoyernment  properly  discoarages  overdrawn  and  sensa- 
tional reports  from  its  servants,  and  does  not  always  discriminate  whether 
the  cry  of  'wolf*  is  reliable  or  not.  Nor  are  there  very  many  Govern- 
ment officials  who  can  traly  discern  the  signs  of  the  times,  or  draw  the 
line  between  high  prices  and  actual  famine. 

When  the  monsoon  has  been  delayed  to  any  nnusnal  extent  Executive 
Engineers  should  be  encouraged  to  push  on  works  sanctioned  and  provided 
for  in  the  Budget.     This  does  not  entail  on  Government  much  additional 
outlay.      Repairs   intended  to  be  done   during  nine   months  may  per- 
haps be  finished  in  three.     Until  the  price  of  provisions  rises  very  much, 
rates  need  not  be  altered,  and  except  that  the  intervention  of  contractors 
shonld  be  discouraged  the  management  of  the  works  may  go  on  as  usual. 
Should  the  demand  for  labour  be  great  and  the  drought  still  continue 
some   of  the  projects  prepared  for  famlue  relief  may  be  started.     By 
this  time  provisions  will  likely  be  dear  and  rates  should  be  raised,  not  di- 
rectly in  proportion,  but  sufficiently  so  both  to  support  the  labourer  and 
his  family  and  to  induce  him  to  go  on  working.     For  this  reason  it  must 
be  arranged  that  when  one  work  is  finished  another  should  begin,  so  as  to 
prevent  the  labourer  from  returning  to  his  home  and  to  idleness.     While 
he  is  in  full  health,  a  full  day's  work  may  be  exacted  from  him.     Once 
let  him  run  down  to  starvation  and  Government  will  not  get  half  a  day's 
work  from  him. 

When  the  famine  has  fairly  declared  itself,  and  the  country  has  to 
draw  its  food  supplies  from  without,  then  prices  will  rise  and  the  work- 
man's own  labour  will  not  bring  jin  enough  for  all  his  faniily.  Then  relief 
works  must  begin  in  earnest,  but  efforts  should  be  made  as  long  as  pos- 
sible to  find  work  for  the  able-bodied  cooly  in  the  ordinary  way,  and  to 
keep  him  out  of  the  ranks  of  the  paupers. 

y. — I  need  not  write  much  on  the  scope  of  our  duties  in  a  famine,  for 
the  Famine  Commission  are  likely  to  lay  it  down  clearly  enough.  A 
theory  prevailed  last  year  in  some  places  that  while  it  was  quite  right 
that  the  Public  Works  Budget  should  be  increased  indefinitely,  and  that 
employment  should  be  found  for  all  the  able-bodied  still  it  was  no  part  of 
its  business  to  take  on  the  half-starved  and  weak,  the  town-bred  weaver 
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and  the  indolent  beggar.    It  was  thought  a  duty  to  prerent  its  sjBtem 
being  demoralized  by  dealing  with  snch  a  yolgar  herd  as  famine  pao- 
pers :  patting  its  rates  all  topsy  tarry,  and  occnpyingr  its  Officers'  time 
with  arrangements  for  feeding  babies.    Jast  in  this  strain  I  hare  heard  t 
martinet  deplore  the  slackness  of  drill  in  his  regiment  after  a  campaign. 
From  what  has  been  already  said  it  will  be  seen  I  hare  no  sympathy  witk 
this  view.     Its  sapporters  arge  that  it  is  the  daty  of  the  District  Offieen 
to  find  work,  or  at  least  food,  for  all  except  the  able-bodied.     I  sbodd 
feel  little  pride  in  onr  Department,  if  I  thonght  it  incapable  of  more  tiua 
this.     During  a  famine  a  District  Officer  has  plenty  of  his  own  work  to 
do.     Cases  of  postponement  or  remission  of  revenue,  criminal  trials 
increased  tenfold  during  scarcity,  village  hoase  to  house  inspections,  road 
patroliiog,  relief  camps  and  hospitals,  inquiries  into  the  food,  stock,  ani 
water-supply  of  the  district — all  this  and  far  more  than  this  over  and 
above  his  daily  duty  is  quite  enough  for  him,  and  in  the  next  famine  I 
hope  to  see  the  Exec  Engineer  say  to  the  District  Officer — *^  let  as  share 
the  burden — ^let  me  help  you  wherever  I  can — ^yoa  find  the  wozlcman, 
and  be  he  ever  so  weak  I  will  find  him  suitable  work."    If  we  do  not 
get  much  work  out  of  the  starveling  surely  we  shall  get  as  mnch  as  the 
anprofessional  District  Officer — I  do  not  wish  to  undervalue  works  under 
Civil  Agency.     They  have  proved  most  valuable  means,  of  giving  relief, 
but  I  maintain  that  they  should  only  be  resorted  to  when  the  machinery 
of  the  Public  Works  Department  has  been  exhansted,  and  when  it  is 
employing  as  many  as  its  officers  can  supervise.     Even  then  the  Engi- 
neer should  do  his  utmost  in  advising  Civil  Officers  as  to  the  Profes- 
sional details  of  their  relief  works. 

YI. — ^The  management  of  a  Famine  Relief  Division  is  a  wide  snbjeet 
about  which  a  good  deal  may  be  written.  It  must  vary  with  the  style  of 
the  work,  the  condition  of  the  workmen,  the  intensity  of  the  famine. 

The  points  now  to  be  considered  are : — 

(a).    The  respective  merits  of  payment  by  piece  work  and  task  work. 

(h).    The  sorting  and  gauging  of  the  laboarers. 

(c).    Their  tasks. 

(d).    The  arrangements  for  their  snpervision. 

(«).    The  question  of  Sunday  work  and  payment. 

(/).    The  payments. 

{g).    The  camp  and  hospital. 
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(a).  By  piece  work  payment  is  to  be  imdentood  psyment  for  a  oertaia 
amount  of  work  done  irrespectiTe  of  the  time  in  which  it  is  done,  be  it 
half  a  day  or  two  days.  By  task  work  payment  is  meant  the  payment 
day  by  day  for  a  eertain  quantity  of  work  to  be  done  daring  the  day. 
The  piece  work  labonrer  by  working  twice  as  hard  can  earn  twice  aa 
much  every  day.  The  task  work  labourer  by  working  twice  as  hard  will 
he  finished  by  mid-day,  but  he  will  not  be  allowed  to  go  on  doing  a 
second  task. 

Primd  facie  much  is  to  be  said  in  fsTOur  of  the  piece  woiic  system* 
Its  supporters  argue  that  there  is  no  inducement  to  work  like  self-inter- 
est, that  Qovemment  will  get  a  better  return  for  its  outlay  and  that 
enough  will  have  been  done  for  the  bulk  of  the  working  classes  in  a 
famine  season  if  rates  are  merely  eased  to  meet  famine  prices.  If  for 
earthwork  which  formerly  cost  Bs.  1-8-0  per  1,000  cubic  feet  we  now 
offer  Bs.  2-8-0,  they  argue  that  the  labourer  will  make  an  extra  push, 
work  extra  hours,  and  will  maintain  himself  and  family  in  their  usual 
independence  and  without  any  of  the  degradation  attending  pauperism. 
The  advantages  of  this  are  self-evident,  and  when  a  famine  is  setting  in 
I  would  strongly  urge  that  the  piece  work  system  should  be  adhered  to 
'as  long  as  possible.  But  it  can  be  applied  with  advantage  only  among  the 
genuine  working  classes,  and  these  will  form  after  all  a  small  minority 
of  the  numbers  to  be  relieved. 

The  piece  work  labourer  should  be  allowed  to  work  with  his  own  femOy 
or  to  choose  his  own  earth  carriers.  He  will  certainly  not  choose  the 
weak  and  sickly  who  most  need  help.  What  are  we  to  do  in  the  vicinity 
of  towns  for  the  weavers  and  tailors,  artizans  of  all  kinds  with  soft  hands 
and  weak  backs,  as  well  as  for  the  loafers,  vagabonds,  and  beggars,  who 
however  disreputable  are  not  to  be  allowed  to  die.  We  shall  have  to  pro* 
▼ide  for  a  large  number  of  women  who  have  never  carried  a  cooly's  basket, 
and  all  will  hold  off,  some  from  honourable  pride,  others  from  laziness, 
until  their  strength  is  reduced  by  underfeeding.  Work  must  be  found 
for  all  these,  and  all  must  be  paid  enough  to  support  life.  They  will  not 
readily  understand  piece  work,  and  task  work  is  better  suited  for  them. 

One  other  consideration  is,  that  in  famine  relief  the  object  is  not  to 
finish  the  work  off  quickly,  but  to  give  useful  employment  for  as  long 
as  possible  to  the  greatest  number.  It  often  happens  that  it  is  very  diflS* 
cult  to  find  good  relief  work  in  a  district.    If  the  little  that  there  is, 
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is  made  oyer  to  active  piece  work  laboaierai  thej  will  finiah  it  off  per- 
haps long  before  the  famine  is  oyer. 

The  conclosion  I  haye  arriyed  at  is  this,  that  if  the  work  ia  to  be  csr- 
ried  on,  famine  or  no  famine,  and  if  it  is  likely  to  la»t  the  famine  oat^  and 
if  piece  work  is  the  system  of  the  place,  the  Execotiye  Mngimeer  ahonld  be 
instracted  to  keep  on  the  system  as  long  as  he  can,  and  to  giye  eyay 
encouragement  to  the  workpeople  to  join  the  piece  work  gangs*  fiat  at 
the  same  time  be  must  haye  the  task  work  system  too,  and  the  longer 
the  famine  lasts  the  larger  will  be  the  proportion  of  task  work  laboorers. 

In  Mysore  large  works  were  not  started  nntil  the  famine  was  at  its 
worst.  It  was  found  after  that  that  the  labonrers  did  not  readily  taka 
to  piece  work.  Efforts  were  made  to  introduce  it,  but  it  was  mot  popu- 
lar and  formed  so  small  a  part  of  the  relief  system  as  hardly  to  be 
worth  noticing. 

In  no  case  should  the  system  of  petty  contractors  be  allowed.  Il^y 
will  of  course  employ  only  the  strong. 

(b).  The  sorting  and  gauging  of  the  labourers  is  a  matter  of  no  trou- 
ble with  piece  work,  but  it  is  with  task  work,  and  the  following  remarks 
apply  only  to  the  latter. 

It  has  been  asserted  to  be  impossible  to  haye  two  parties  working 
alongside  each  other,  drawing  the  same  pay  and  doing  different  tasks. 
This  I  can  confidently  deny.  The  able-bodied  cooly  can  be  kept  at  work 
with  a  task  fully  proportioned  to  his  strength,  and  being  paid  strictly 
according  to  his  work  alongside  of  the  half-starved  weaver  getting  the 
same  pay  for  doing  half  as  much,  and  only  being  fined  a  very  small 
amount  for  short  work.  I  have  seen  this  going  on  for  months  with  per- 
fect success,  but  I  admit  it  requires  a  good  deal  of  arrangement.  One  of 
the  Engineer's  chief  difficulties  will  be  to  apportion  the  task  to  the 
cooly,  so  as  to  get  as  much  out  of  each  as  he  is  fit  for,  without  being  too 
hard  on  any.  His  terms  must  be  such  as  to  attract  all  comers  who  are 
«    really  in  want. 

If  relief  measures  have  been  taken  early  and  there  are  many  able-bodied 
workers,  a  full  task  should  be  exacted  from  them,  and  aa  long  as  it  is 
evident  that  they  can  do  full  work  they  should  be  paid  rigidly  in  ac- 
cordance with  it,  and  fined  down  to  any  amount,  for  not  doing  their  work. 
But  they  will  often  have  weakly  ones  depending  on  them,  and  as  it  is 
desirable  to  keep  families  as  much  as  possible  in  one  gang  it  haa  been 
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fbtmd  conyenient  to  gang  togeiher  the  moderately  able*bodied  along  with 
his  wife  and  children,  and  with  the  town-bred  man  who  thongh  physically 
strong  is  nnnsed  to  cool/s  work;  and  to  exact  from  the  party  thus 
formed  75  per  cent,  of  a  full  labonrer'a  task.  Those  doing  their  fall  task 
should  be  paid  on  the  higher  or  A  scale  of  wages  (to  be  allnded  to  fhr- 
ther  on)  and  failing  to  do  it  they  shoold  be  cat  down  to  the  B  or  lower  rate. 

Besides  these  who  may  be  called  the  A  class  there  are  snre  to  be  many 
who  could  never  do  75  per  cent,  of  a  workman's  task :  old  men  and 
women  chiefly,  or  those  who  have  always  been  wanting  in  physique. 
Perhaps  50  per  cent  of  a  fdU  task  may  be  obtained  from  these,  bat  vei; 
likely  not  so  mnch.  They  should  be  put  on  light  work  where  it  is  possi- 
ble, and  be  paid  on  the  B  scale  of  wage.  It  is  difficult  to  fine  them  for 
short  work  without  starring  them,  but  where  they  are  incorrigibly  idle 
some  little  fine  may  be  inflicted. 

There  is  yet  a  third  class,  that  may  be  called  the  Special  gang,  com- 
posed of  those  naturally  able-bodied  but  who  haye  suffered  from  famine 
and  the  diseases  that  follow  it— gaunt  and  emaciated  lads  and  girls,  men 
and  women  in  the  prime  of  life  with  the  strength  of  children,  suflfering, 
some  from  dropsy,  most  from  diarrhoea,  and  yet  better  out  among  the 
workmen  than  among  the  dying  in  the  hospitals.  It  is  clear  that  no 
effectiTe  labour  is  to  be  got  out  of  them,  but  the  true  Famine  Officer  wQl 
feel  that  there  is  no  part  of  his  work  more  important  than  looking  after 
these.  He  must  be  kindly  and  yet  firm  with  them;  let  them  rest  a  good 
deal,  but  not  let  them  wander  away  from  the  work.  It  will  be  useless  to 
task  them,  but  yet  eyen  they  will  do  something.  They  should  be  paid 
the  luU  wages  of  able-bodied  labourers  while  they  are  in  the  Special  gang, 
that  is  enough  to  buy  food  not  only  to  support  existence,  but  to  get 
strong  on.  And  most  satisfactory  it  is  to  witness  their  gradual  return 
to  strength.  If  as  is  sometimes  the  case  they  are  found  to  be  hoarding 
their  coppers  and  not  spending  all  on  food,  the  Sub-Diyisional  Officer 
should  giye  them  cooked  food  instead  of  wages.  Indeed  at  all  times  he 
should  haye  authority  to  feed  them  up,  if  it  seems  the  quickest  way  to 
restore  them,  and  to  giye  them  milk,  meat  or  yegetables.  But  this  must 
not  be  abused. 

Mothers  with  but  little  nourishment  to  giye  to  their  young  btbes 
should  be  put  in  the  Special  gang. 
<c).— The  tasks. 
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In  earthwork  of  conrse  these  miut  depend  on  the  hardness  of  nil; 
in  metal  breaking  or  oollection,  on  the  hardness  of  the  atone  and  iti 
abundance  in  the  neighbonrhood. 

In  earthwork  it  is  best  to  take  as  a  nnit  the  day's  work  of  the  digger 
irrespectiye  of  the  lead,  a  snffident  number  of  baskets  being  alkyved 
to  each.  If  the  man  digs  ont  his  full  excaratiozi  pit  be  should  get  bis 
fnll  wage,  and  if  the  women  and  children  haye  not  remored  the  ^ 
they  should  be  fined,  not  he.  If  on  the  other  hand  be  has  fuied  to  d% 
his  foil  task  while  they  haye  carried  away  all  that  he  has  dng,  it  is  hud 
that  they  should  sniffer  from  his  laziness,  so  they  should  get  foil  wage 
and  he  be  fined.  It  will  be  necessary  to  regulate  careftdlj  the  propor- 
tion of  men  to  women.  Whereyer  it  is  possible  the  members  of  a  hndtj 
should  be  employed  together.  When,  as  is  not  infreqnent  in  famiae, 
there  is  a  great  majority  of  women  and  children,  efforts  should  be  made 
to  find  suitable  work  for  them  without  interfering  with  the  arrsngements 
for  digging  and  carrying.  Women  occasionally  yolunteer  to  dig^  and  do 
it  well,  but  this  is  exceptional.  At  other  times  they  may  be  employed  is 
oollecting  road  metal  and  ballast,  and  in  breaking  it 

It  will  not  often  be  possible  to  measure  each  man^s  work  erery  day,  or 
eyen  eyery  three  days,  but  where  it  can  be  done,  it  should  be  done ;  whore 
it  cannot,  the  work  done  by  a  certain  gang  must  be  measured  as  a  wbola 

The  8ub-Diyisional  Officer  should  take  particular  pains  to  put  this 
tasking  on  a  good  footing.  The  labourer  ought  to  be  made  dearly  to 
understand  how  much  is  expected  from  him,  and  it  will  not  always  be 
easy  to  do  so,  when  dealing  with  classes  unused  to  earthwork.  Tboiv 
are  few  thiogs  that  interfere  more  with  successfal  Relief  Work  tho 
careless  tasking  and  reckless  fining.  The  famine  cooly  should  not  he  aei 
all  at  once  on  to  a  rigid  task,  and  fined  for  its  non-performance,  but  ia- 
duoed,  almost  coaxed  to  go  on  working,  the  Sub-diyisional  Officer  nerer 
forgetting  what  I  haye  already  said,  that  the  relief  of  the  cooly  is  thefint 
object,  not  the  execution  of  the  work. 

And  Qoyemment  will  not  be  the  loser  by  this  coaxing.  The  famine 
cooly  has  not  much  energy  or  heart  for  his  work,  and  if  he  finds  thst  he 
will  not  be  allowed  to  starye  but  will  obtain  a  bare  subsistence  by  doing 
very  little  he  will  often  rest  content,  instead  of  aspiring  to  the  higher 
rate  of  pay,  when  he  would  be  required  to  do  a  tolerable  day's  work. 
Bat  Goyemment  will  be  the  gainer,  if  he  does  earn  this  higher  rate. 
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It  may  be  looked  on  as  showing  either  indolence  or  a  distinct  want  of 
ftdminiBtratiTe  power  when  we  see  extensire  fining  going  on  in  a  Bnb- 
Division,  that  is  when  a  large  party  classed  as  A  ooolies  are  day  after  day 
receiving  only  B  wages  becanae  they  are  doing  short  tasks. 

When  ooolies  first  come  on  the  works  they  do  not  readily  nndeietand 
that  there  are  two  classes  of  pay,  and  it  is  always  best  to  begin  them 
with  the  higher  and  not  fine  at  first  for  short  work,  which  shonld  neverthe* 
less  be  measnred  np.  To  many  officers  this  laying  ont  of  a  great  nnmber 
of  tasks  is  almost  a  new  work,  and  if  left  to  subordinates  it  is  apt  to  be 
done  in  very  perfonotory  style.    It  is  none  the  less  very  important. 

(d). — ^The  following  is  reoonmiended  as  a  convenient  system  of  snper- 
vision  in  a  Famine  Belief  Division— although  of  oooise  it  will  vary  ac- 
cording to  local  circnmstanoes  :•— 

Let  the  whole  party  be  split  np  into  gangs  of  50 ;  trying  as  far  as 
possible  to  keep  together  coolies  of  one  Tillage  or  of  one  family :  and 
where  this  is  impracticable  placing  them  according  to  their  working  power. 
A  gangs,  B  gangs,  Special  gangs.  Over  each  50  must  be  a  gangsman, 
or  head  cooly,  mate,  makaddom  (or  whatever  be  the  local  name).  In  the 
gang  there  may  be  20  men  digging  to  80  women  and  children  carryingi 
or  10  digging  to  40  carrying  according  to  drcnmstances.  The  gangs- 
man most  know  all  their  names  and  be  always  with  them,  keepmg  them 
np  to  their  work,  and  if  they  do  not  accomplish  their  tasks  it  is  not  a 
bad  plan  to  punish  him.  He  need  not  be  able  to  read  or  write.  To  every 
four  gangs  there  should  be  one  mustering  writer  who  keeps  their  muster- 
roll  and  notes  their  presence  twice  a  day.  He  should  help  also  in  the  pay- 
ments, and  the  Executive  Engineer  should  clearly  inspect  his  accounts. 
The  mustering  writer  is  not  responsible  for  the  work. 

To  every  six  mustering  writers,  t.  «.,  over  1,200  coolies  there  should  be 
a  snb-overseer,  to  help  in  laying  out  and  measuring  up  work,  collecting 
the  muster-rolls,  keeping  the  accounts,  attending  to  the  distributicm 
and  custody  of  the  tools,  and  doiog  all  the  general  duties  of  a  Sub-Over- 
seer. Where  cashiers  are  not  employed  he  must  pay  the  coolies  too,  and 
in  that  caee  will  require  a  munshi  or  writer  to  help  him.  Over  eveiy 
48  gangs  (2,400  coolies),  or  two  sub-overseers,  there  should  be  if  possible 
a  Eaiopean  overseer,  and  on  him  as  on  the  Engineer  must  be  impress- 
ed the   difierence  between  a  Famine  Belief  Divirion  and  an  ordinary 

one. 
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Two  Oreneen  with  ft  totil  of  4,800  eooliM  «»  quite  eDoog^  for  a  8^ 
Dirision  under  aa  Aeeietaiit  Engineer^  and  generally  three  Bodh  8ab- 
Dinsione  are  as  moeh  aa  an  EzecntiTe  Engineer  can  look  after. 

8nch  a  complete  eatabliahment  as  this  la  not  often  to  be  had  howete^ 
and  in  one  time  of  high  preesore  in  the  Bombay  Famine  of  1877  aa 
Aemetant  Engineer  witliont  a  single  Eoropean  nnder  him  waa  lookiiig 
after  18,000  coolies. 

It  will  be  seen  that  the  nnit  of  work  is  the  gang  of  50.  The  ofker 
oombinations  are  all  maltiples  of  this.  A  good  deal  depends  on  the  gaaga- 
msn«  If  he  is  inclined  to  give  trouble  he  osn.  The  cooliee  are  too  ready 
to  beliere  that  in  some  happy  place  20  miles  off  food  is  to  be  had  for  the 
asking,  and  if  the  gangsmen  fosters  this  view,  he  and  his  gang  may  start 
off  some  morning.  He  will  be  none  the  worse,  bat  the  poor  dnpea  who 
followed  him  are  apt  to  be  foond  dead  or  dying  by  the  road  side.  If  the 
coolies  are  encamped  it  is  as  well  to  place  the  hats  of  esdi  gang  and  its 
head  man  together. 

(e).  The  Sunday  qaestion*  I  wish  to  approadi  this  from  no  Bahbataiiaa 
point  of  Tiew,  bat  merely  from  that  of  expediency.  I  maintain  then 
that  the  work  is  so  hard  and  constant  that  nnless  the  Bapervising  Offioen 
are  sllowed  their  day's  rest  in  the  week  many  of  them  will  break  down. 
Regarding  the  cooly  I  do  not  talk  so  confidently,  bat  I  tally  bdiere  that 
he  will  work  all  the  better  for  a  rest  ereiy  seyenth  day,  and  whether  be 
knows  anything  of  Sanday  or  not  he  will  appreciate  the  charms  of  idlenem. 

Since  the  object  is  to  keep  him  alive  in  famine  howerer,  he  most  be 
allowed  pay  enoogh  on  the  other  six  days  to  coyer  the  seyenth.  This 
may  either  be  giyen  (end  I  think  it  the  best  plan)  1^  a  small  increment 
to  his  daily  pay,  or  it  may  be  all  giyen  on  Satarday  eyening.  The  objeo- 
tion  to  the  latter  coarse  is  that  it  is  difficalt  to  preyent  a  maa  coming 
first  to  the  work  on  Satorday  morning  only  to  get  the  doable  pay,  and 
then  decamping  that  night. 

When  a  relief  work  is  first  started  it  may  be  a  good  plan  to  employ  the 
coolies  right  throagh  the  week.  Otherwise  they  are  apt  to  scatter  on  the 
idle  day,  and  if  they  haye  only  began  work  on  the  Wednesday  or  ThnrBday 
they  will  not  haye  earned  pay  to  sapport  them  throagh  the  Bonday. 

Bat  for  the  sske  of  the  Officers  in  charge  the  practice  shoold  be  dis^ 
continaed  as  soon  as  possible.  Attention  may  haye  to  be  paid  to  the 
Specisl  gangs  on  Sandays.    Likely  enongh  they  may  haye  spent  all  theit 
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day  by  day  and  laid  none  by  for  a  Sunday  meal.  This  cannot  hap- 
pen  if  ihey  reoeiye  food  instead  of  pay,  bat  generally  they  prefer  the  latter. 

(  y  )•  The  payments.  These  must  be  sufficient  to  snpport  life,  not  too 
liberal  to  attract  a  class  who  require  no  state  help  to  weather  a  famine. 
They  must  rise  as  rates  rise.  Their  redaction  as  rates  fall  is  more  diffi- 
colt. 

In  the  recent  Famine  in  Sonthem  India  the  rates  were  partly  fixed, 
partly  flnctaating,  as  follows,  and  in  eyeiy  case  were  intended  to  cover 
the  oost  of  subsistence  on  Snndays  when  the  works  were  closed  and  no 
wag^es  given  :— 


Mm. 


Woman. 


WorkJag  child. 


In  Bombay,     .. 


In  Madras^ 


In  Mysore, 


•  a 


.. 


1  anna  +  valae 
of  1  K.  grain. 


l^anna  +  valne 
of  1  lb.  grain. 


9pie4-v>laeof 
liflbfl.  grain 


I  anna  +  ralne 
of  1  lb.  grain. 

1  anna  +  valne 
of  1  lb.  grain. 

9pie  +  Taln6Qf 
lib.  grain. 


6pie+Talneof 
I  lb.  grain. 


9p]e+v&liieof 
I  ft.  grain. 


6pie+TaIneof 
I  lb.  grain. 


Infant. 


I 


8  pie. 


ilb.  cooked 
grainb 


8  pie  +  I  b. 
cooked  grain. 


The  above  were  the  rates  for  fall  work,  what  has  been  already  called 
the  A  scale,  and  this  is  the  rate  at  which  the  Special  gang  should  be  paid. 
The  B  or  lower  rate  of  wages  may  be  6  pie  lower  for  men  and  women. 
Working  chidren  shonld  be  on  the  A  scale. 

In  Civil  Relief  Works,  that  is  in  those  snpeiintended  by  the  District 
Officers  and  not  by  the  Department  Public  Works,  no  one  should  be  paid 
above  the  B  scale.  On  these  works  it  is  not  possible  to  have  the  same 
supervision  and  precise  tasking,  and  if  the  wages  are  as  good  on  these 
as  in  the  Department  Public  Works,  the  coolies  will  flock  to  them  in 
preference  and  earn  their  livelihood  easier. 

It  is  not  my  intention  here  to  discuss  which  of  these  three  scales  is 
the  best.  They  hinge  somewhat  on  the  still  vexed  question  of  whether 
or  not  1 9).  of  grain  a  day  is  enough  to  support  an  adult.  But  whether 
1  &.  or  1^  tt>.  be  taken  as  the  basis,  some  allowance  must  always  be  made 
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for  the  condiments  (vegetnblefl,  ohiUies,  tannerie,  &o.)  whieh  ave  qm!^ 
necessarj  for  the  healthy  native. 

When  relief  workB  are  started,  as  they  should  be,  early  in  a  fiBnine, 
and  before  famine  prices  have  began  to  prerail,  it  will  notbe  jndidooa  to 
calcalate  the  wages  strictly  from  the  price  of  proTinMiSy  should  the  rsBolt 
be  a  sam  considerably  less  than  the  ordinary  wage  of  the  oonntry.  For 
instance,  supposing  that  ordinarily  a  labourer  can  earn  S}  annas  a  day, 
and  that  relief  works  are  started  on  the  basis  of  1  anna  and  the  price 
of  1  fib.  of  grain  at  a  time  when  grain  is  selling  at  20  bu  per  rupee,  the 
the  wage  will  be  1  anna  10  pies,  enough  it  may  be  to  support  the  hungiy 
man,  but  probably  not  enough  to  attract  the  labourer  used  to  earning  2^ 
annas.  He  will  not  see  why  his  pay  should  be  lower  than  usual  just  when 
provisions  are  dearer.  He  will  most  likely  hang  idly  about  his  Tillage, 
till  forced  by  sharp  hunger  to  accept  the  offered  wage,  but  at  a  time  when 
his  body  is  enfeebled  by  want,  and  when  he  can  give  far  less  return  to 
Qovemment  for  1  anna  10  pies  than  he  could  haye  before  for  2^  annas. 
Depend  on  it  it  is  good  policy  to  keep  the  able-bodied  from  dropping  into 
the  ranks  of  enfeebled  paupers,  it  is  the  worst  of  all  economy  to  drire  a 
Tolnnteer  from  relief  works  just  because  he  is  able-bodied. 

I  haye  said  it  is  not  very  easy  to  reduce  wages  as  proyisions  cheapen,  and 
here  agidn  the  explanation  is  that  the  unreasoning  cooly  is  too  ready  to 
take  ascare,  and  run  away  from  the  works  when  he  is  in  pretty  good  Case, 
only  to  return  when  he  is  half  starved.  It  will  be  found  better  not  to 
change  the  wage  with  every  fluctuation  of  the  grain  market,  and  to  fix  a 
minimum  below  which  it  is  not  to  go,  however  cheap  grain  may  become 
as  long  as  it  is  necessary  to  keep  relief  works  open  at  all.  Towards  the 
close  of  the  Mysore  Famine,  the  relief  works  were  divided  into  two 
classes,  those  which  having  been  begun  it  was  desirable  to  finish  off,  and 
those  which  were  only  kept  open  from  day  to  day,  for  the  sake  of  the 
labourer.  In  the  former  were  a  railway  and  various  irrigation  works ; 
the  latter  consisted  chiefly  of  collecting  and  preparing  road  metal,  work 
which  could  cease  whenever  the  famine  ceased.  As  it  was  desirable  to 
encourage  the  labourers  to  flock  to  the  former,  the  mSnimnm  rates  weie 
fixed  as  follows :— 


aa 

P. 

For  men, 

... 

•.• 

••• 

••• 

... 

••« 

2 

6 

ff  woment 

••• 

••• 

••■ 

•.• 

..• 

... 

I 

8 

„  children, 

••t 

••• 

••• 

••• 

•■• 

... 

1 

2 
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On  the  road  metal  collection  minimnm  prices  were  fixed  :— 

Iior  men,         •• tat        •••        •••  2  annas. 

)t   womeDj     ••■        •••        •««        «aa        «.i        «»f  1^    ^ 

„   children  above  7,  1      „ 

From  my  experience  it  is  better  to  feed  small  children  than  to  gire 
their  parents  an  allowance  for  them.     Bat  the  latter  is  the  easier  system 
of  the  two,  and  the  real  test  is  whether  or  not  the  infants  are  thriving. 
The  Officer  in  charge  of  the  works  must  inspect  them  frequently.     Where 
an  allowance  is  made  to  the  parent,  there  is  very  apt  to  be  fraud  prac- 
tised :  women  borrowing  children  to  produce  at  the  pay  table.     And  it 
may  be  necessary  to  rule  that  the  wage  shall  only  be  granted  when  the 
parents  lire  in  camp  or  on  the  works.     Women  will  not  take  the  trouble  to 
carry  their  friends'  infants  to  be  fed.     I  have  found  infants  to  thrive  well 
on  two  daily  meals,  each  consisting  of  2  oz.  of  rice  boiled  in  water,  with 
about  1  Ifo  of  salt  among  forty,  in  addition  to  what  the  parents  gave  them. 
Should  they  be  thin  and  drooping  the  Officer  in  charge  should  do  his 
utmost  to  procure  them  milk,  and  if  cows  are  not  to  be  bad,  he  should  fall 
back  on  Swiss  preserved  milk.     Of  course  unweaned  babes  cannot  be  fed, 
their  mothers  may  receive  an  extra  8  pie  a  day  for  them. 

When  coolies  arrive  fresh  at  a  work  they  should  be  paid  daily,  and 
indeed  as  long  as  this  can  be  managed  it  should  be  done,  but  the  burden 
may  be  too  great  for  the  Officer  in  charge.  As  long  as  there  is  no  cut- 
ting for  short  work  and  all  are  paid  their  full  amounts  it  does  not  take 
long  to  pay  large  numbers.  But  it  is  not  easy  to  measure  up  work  in  the 
evening,  to  determine  how  much  each  individual  or  each  gang  is  to  be 
cut  and  then  to  go  on  with  the  payments  in  time  to  wind  up  by  dark. 
Either  it  is  best  to  cut  one  day  for  short  work  done  the  previous  day,  or 
to  pay  not  in  the  evening,  but  the  first  thing  in  the  morning.  Then  the 
Overseer  has  plenty  of  time  to  measure  up  the  work  in  the  evening. 
Morning  payments  have  another  great  advantage  in  securing  regular 
and  early  attendance.  The  danger  is  that  a  cooly  may  be  prevented  by 
sickness  or  other  good  reason  for  not  attending,  and  he  is  apt  to  lose  hia 
pay  for  the  preceding  day.  Without  system  it  may  take  an  immense  time 
to  pay  1,000  coolies.  With  system  one  cashier  may  pay  from  1,000  to 
1,200  in  an  hour.  When  the  pay  time  comes  gangsmen  should  separate 
off  those  who  are  to  get  different  wages — all  the  two  anna  men,  all  the 
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one  anna  nine  pie  men,  all  the  working  children  and  so  on—and  he  BlNdd 
give  to  each  a  token  denoting  what  pay  he  is  to  g^et.  The  cashier  shoold 
be  seated  at  his  table  with  abandance  of  copper  coin  before  him,  all  nidj 
arranged,  and  by  his  side  shonld  be  a  writer  with  the  mnster-rolls.  A 
barrier  shonld  be  in  front  of  the  table,  and  a  second  one  beyond  it,  allow- 
ing room  enough  merely  for  the  coolies  to  pass  in  single  file.  Thej  ire 
brought  np  by  their  gangsmen,  and  give  their  tokens  to  the  writer.  H< 
drops  them  in  a  box,  marks  off  their  names  and  calls  oat  their  piy  wluch 
the  cashier  gires  them.  Of  course  it  is  convenient  always  to  pay  in  snioi 
represented  by  a  common  coin :  for  instance,  where  single  pies  are  not 
common  seven  pies  is  a  tronblesome  wage  to  giye. 

(g).     The  Camp  and  Hospital. 

Where  the  relief  work  is  close  to  a  large  town  yery  likeVy  no  campmif 
be  required.     If  there  is  one,  the  coolies  will  not  care  to  live  in  it,  and  wOl 
prefer  the  streets  and  bazars  with  their  nooks  and  conterB,  empty  shedi, 
and  deserted  houses.    Bat  elsewhere  camps  must  be  erected.    Theiioti 
that  compose  them  will  vary  largely  according  to  the  locality,  the  clioiitei 
the  materials  available.     In  dry  warm  weather  there  is  no  better  ctmp 
than  a  good  mango  tope.     If  rain  is  to  be  expected  efforts  should  be  made 
to  have  dry  huts  for  the  coolies,  for  reduced  by  starration  and  oeariy 
naked,  they  feel  the  wet,  and  sickness  quickly  sets  in.     In  Nortkon 
India  if  work  is  to  be  carried  on  through  the  cold  weather  it  will  be  neoei- 
sary  to  put  the  camp  in  a  somewhat  sheltered  place,  and  to  build  huts  ai 
far  as  possible  to  keep  out  the  bitter  cold.     In  Southern  India  no  such 
precautions  are  usually  needed.     A  tolerably  water-tight  ooreiing  wiD 
be  enoagh.     In  any  case  an  open  grove  of  trees  shoidd  be  taken  adna- 
tage  of. 

The  site  of  a  camp  must  be  selected  with  judgment.  It  must  be  nesr 
the  work,  and  near  the  water  supply.  It  must  be  so  placed  thai  the 
drainage  from  about  it  will  not  wash  down  into  the  source  of  water  sup- 
ply. The  proximity  of  ravines  and  dry  nullahs  is  to  be  avoided,  »t  ib^ 
increase  the  difficulties  of  conservancy.  Fuel  and  provisions  mofii  ^ 
easily  procurable,  and  if  possible  thatching  grass,  palm  leaves,  or  oihei 
materials  for  makmg  huts. 

The  supply  of  water  must  be  especially  seen  to,  and  shonld  it  ftil  the 
camp  shonld  be  moved  at  once.  If  the  water  is  drawn  from  a  well  care 
must  be  taken  that  the  ground  round  it  is  kept  serupnlously  clean  toi 
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that  the  coolies  do  not  wash  themselTes  or  their  pots  in  it.   Field  latrines 
oonsisting  of  long  trenches  at  least  \)  inches  deep  should  be  daily  dag 
and  dailj  filled  in,  one  for  each  sex,  at  a  distance  of  about  500  feet  to  lee- 
ward of  the  camp,  and  the  Officer  in  charge  must  insist  on  their  being 
used.    This  is  not  easily  managed  for  natiYes  are  very  indifferent  about 
conserrancy,  but  it  mast  be  remembered  that  the  inmates  of  a  famine 
relief  camp  are  pecaliarly  susceptible  to  disease,  and  although  the  cooly 
may  thrire  in  ordinary  times  in  his  filthy  Tillage,  as  though  to  prove  that 
bad  smells  are  both  wholesome  and  pleasant,  the  same  indifference  can- 
not be  practised  with  immunity  in  the  relief  work  camp.     Cholera  is 
a  frequent  companion  of  famine,  and  if  it  bursts  out  the  coolies  are 
likely  to  flee  scared  in  all  directions,  carrying  infection  with  them  and 
dying  on  the  road  sides.    It  is  therefore  quite  necessary  to  keep  a  con- 
servancy establishment  for  a  camp,  and  there  should  be  some  one  person 
in  charge  of  it  who  should  be  punished  if  the  Engineer  Officer  finds  a 
single  bad  smell  about  it. 

Dr.  Hewlett,  Sanitary  Commissioner  of  Bombay,  to  whom  I  am  indebt- 
ed for  many  hints  about  Relief  Camps  and  Famine  Management,  recom- 
mends camps  for  not  more  than  500  coolies  in  huts  holding  20  each. 
These  are  placed  in  five  parallel  lines  100  feet  apart.  A  space  of  50  feet 
is  allowed  between  each  hut  in  the  same  line.  The  huts  in  the  second 
line  stand  opposite  the  open  spaces  in  the  first.  Surface  drainage  should 
be  attended  to  by  digging  trenches  between  or  round  the  huts,  and  the 
earth  may  be  used  to  give  them  a  raised  floor. 

In  Mysore  the  coolies  preferred  a  smaller  hut  where  they  could  live 
with  their  families  apart  from  the  others.  The  pattern  adopted  (derived 
from  the  Ashti  Tank  Camp,  Sholapur  District)  had  a  ground  area  9'  x  6', 
and  was  4-^  feet  high  at  the  ridge. 

The  frame  work  was  composed  of  two  pairs  of  light  bamboos,  stuck 
into  the  ground  and  tied  together  where  they  crossed  and  a  fifth  bamboo 
was  used  as  a  ridge  pole. 

The  sides  were  bamboo  mats,  palm  leaves,  grass,  or  branches  of  trees, 
according  to  circumstances.  The  back  of  the  hut  was  built  up  with  a  mud 
wall,  and  a  mat  was  generally  used  as  a  door  for  the  front.  One  hut  was 
allowed  for  about  three  or  four  coolies,  including  children.  Tolerably 
good  tents  may  be  formed  if  noth'ng  else  is  procurable  of  ordinary  native 
blankets.    If  pliant  bamboos  are  to  be  had,  round  topped  huts  may  be 
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xjj«*  *.ik^  tlitf  ::c  :c  ft  w^r?a.    Etctt  cunp  should  hare  some  hotszim 
-ip  M  <kfrT^  s^  $a>  cs  ^:r  hiorm  to  whom  eveij  facilltj  should  be  givs 

ITie  J*  c^'*  cx.  1  :s  ^•^Oi'*!  be  alv^ther  &  Biore  substantial  stnutarc: 
F-^artv-^a  ^'i-c  is  ^-  '^  scScwnK  tor  two  rows  of  patients.  Hie  sides 
^a-  »i  i  ^  ^  *  ▼:!."-  t. » »u  4  J-ees  lari  wiui  a  :r»i  pent  roof.     The  length  of 


•jav»  ^;ftri  ^**  i^  i  i>  ^  -*^  '^^  ^*   ^»!^     ^  ixhts  are  not  procnrable  for  the 
:«;i:ivMic>w  c  :s  wvil  "i^  '^atiq  Eii&e*i  pllnuis  for  them  to  sleep  on,  and  the 


T>:^   »i  u:tf   1  ic  ^•o.ii   3«  sG^swn  w:ta  dean  sand  Ireqaentlj  changed. 
Jl  Ik'^i*  wi.wc^*-a  ztnli  w!wl&  will  at>c  ci»t  aaoch,  and  will  Tastlj  imr 
-j^ir^  xi^  ^v^irLl^x^     Hj^fiu]  T*rfv^>i»a  s&oald  be  Made  for  at  least  tea 
>.r  c%QS.  J^  •"<  ^-  P-     ^^  coixr>4  :aere  most  b«  s^wrate  hats  for  each 
«^>\.  »ni  13  *'  ?  cA.>e  of  a  large  camn  iketT  to  stand  for  some  time  it  is 
v.Ll  r-o  iLsr^  a  sj-are  hat  for  oontariius  .use«s«s«  Solera,  smallpox,  &e^ 
sa<I  a  s^  ^*  o°«  f«^c  *  dead  boiis<L    Tit*  hoicpical  most  be  placed  <»  the 
x<;$s  h-e:iI:hT  »ite  near  the  camp.     T\*  3£-^caI  Sabordinate  most  hare  s 
ftTt  cic«e  at  hand,  and  he  wiil  r^:^£^«  sbd titer  for  his  BMdicines  and 
^cres.     He  wiil  he  responsilde  for  aZ  rioniicced  with  the  sick,  bathe 
will  do  bis  work  nil  the  better  if  be  ae«^  ^ois  the  Engineer  in  charge  if 
iaterested  in  it,  and  is  in  the  habit  of  fiv^aieaslT  visitini^  the  hospital  snd 
lookingr  after  the  paiients. 

A  barring  grc'Ond  mnst  be  selected  at  lf«t  a  quarter  of  a  mile  te 
leeward  of  the  camp  with  gafficient  boil  to  bcrr  i$  f^et  deep^  and  two  or 
three  grares  ought  to  be  alwajs  readj  dog.  Choierm  patients  shoold  be 
baried  speedi! j  ait  er  death,  in  the  clothes  thej  were  wwaraa^.  Dr.  Hewlett 
adrises  that  a  camp  shoold  be  abandoned  if  more  than  ^ice  oises  of 
cholera  occnr  in  it^ 

TIT. — Lastly,  we  bare  to  consider  the  course  to  be  adopted  at  the  cfeie 
of  a  Famine,  a  season  nearlj  as  welcome  to  the  lagged  icficf  offieer,  is 
to  the  im[M>verished  ryot.  It  mnst  be  remembered  that  a  lunine  cannot 
be  closed  by  order  of  Goremment,  and  that  abondant  rain  and  broad 
acres  of  fresh  plonghed  land  and  yoang  corn  do  not  neceasaiilj  gire  im- 
mediate relief.  Whers  the  distress  has  been  ol  ^ort  doration  these 
symptoms  of  rvtoming  prosperity  will  gire  relief,  for  grain  stocka  will  pro- 
bably be  still  in  the  country,  and  they  will  be  prodoced  and  prices  will  fsU 
whenerer  there  are  pretty  certain  indications  of  a  good  harrctt  aheai 
But  when  the  famine  has  lasted  long,  it  is  probahia  that  the  grain  stoeb 
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have  been  exhaasted,  and  that  until  the  young  crop  has  not  only  started 
fair,  but  has  been  matured,  food  will  be  nearly  equally  scarce  and  equally 
dear ;  while  the  people  are  month  by  month  getting  poorer,  and  less  able 
to  bay  at  famine  rates. 

It  may  be  laid  down  then  that  famine  relief  works  must  go  on, 
until  prices  have  very  much  fallen.  The  numbers  that  flock  to  the  works 
will  diminish  to  some  extent,  but  perhaps  not  very  much. 

The  cultivator  will  employ  some  labour  on  weeding  his  fields,  bat  he 
will  be  too  poor  to  employ  nearly  ad  much  as  usual. 

The  rain  will  have  brought  forth  various  wild  fruits,  from  which  the 
poor  will  derive  a  scanty  sustenance,  and  they  will  often  prefer  living  thas 
to  toiling  at  the  Gk)vemment  work.  But  many  will  still  remain  on  the 
works,  and  the  object  of  the  Engineer  mast  now  be  to  bring  them  back 
to  the  normal  rales  of  the  Department  without  inflicting  hardship  on 
them. 

The -first  thing  to  do  is  carefally  to  separate  the  able-bodied  from  the 
weakly,  and  to  work  them  apart,  treating  the  former  in  the  ordinary  way 
on  piece  or  task  work,  only  allowing  them  a  higher  rate  on  account  of 
the  prevailing  famine  prices.  They  may  not  readily  take  to  this  rSgime 
for  they  are  too  apt  to  become  demoralised  after  being  watcbed  and  looked 
after  for  months,  but  it  mi^t  be  insisted  on. 

Having  disposed  of  these  able-bodied  ones  the  weakly  should  be  class- 
ified according  to  their  strength,  and  the  Special  gangs  in  particular  should 
be  massed  at  cert^n  places  where  the  work  is  suitable,  where  a  good  hos- 
pital can  be  organized,  and  where  they  may  be  specially  looked  after. 
The  value  of  their  work  will  of  course  be  small,  and  if  the  District  Officers 
have  facilities  for  taking  over  these  specials  altogether  the  Engineer  may 
dispose  of  them.  But  generally  I  think  it  will  bl9  found  a  fairer  share 
of  the  relief  work  to  leave  them  in  the  hands  of  the  Engineer.  As  the 
coolies  regain  their  strength  they  should  be  steadily  drafted  into  the  able- 
bodied  gangs. 

There  need  not  now  be  the  same  dread  as  formerly  of  driving  them  off 
the  works,  for  the  coolies  will  have  got  better  used  to  our  ways,  and  will 
not  be  so  easily  frightened :  while  if  they  do  go  away,  things  are  not  so 
desperate  as  before,  and  they  are  not  likely  to  die  of  starvation.  Nor 
need  there  be  the  same  anxiety  as  before  about  applying  the  distance  test. 
Works  will  be  finished  by  degrees,  and  at  thier  stage  it  is  not  desirable  to 
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open  new  ones.  So  the  ooolies  should  be  told  if  they  want  more  woik 
they  mast  go  some  distance  to  it,  and  if  they  are  need  to  their  Officer  aid 
trust  him,  as  they  should,  it  will  be  easier  than  before  to  indnce  thoae  to 
move  whom  it  is  desirable  to  keep  on. 

Week  after  week  these  Special  gangs  shonld  become  fewer.  Some  will 
return  to  their  villages,  some  will  recover,  many  will  die.  When  the 
State  aid  can  be  withdrawn  firom  them  altogether,  will,  as  has  been  said, 
depend  very  much  on  the  prices  in  the  market,  but  as  these  dieapen  pri- 
vate charity  will  begin  afresh,  and  many  of  the  Specials  will  resume  their 
old  begging  habits.  If  the  gangs  gradually  disappear  altogether  this 
will  be  the  most  satisfactory  conclusion  to  the  Famine  Belief  Worksi 
and  the  hard-worked  Famine  Belief  Officer  will  be  well  deserving  of  a 

rest 
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No.  CCLXXXVI. 

BABUL   WOOD   AS    LOCOMOTIVE    FUEL    AND     ITS 

EFFECTS. 


Bt  Major  A.  LkMesstteibr^  B.£.i  Offg.  Under  8eey.  to  Govt,  of 
India,  RaUwajf  Branch^ 


[Endoson  to  P.  W.  D.»  No.  8126  R.  of  187a] 

Whbn  the  Bind  Railway  was  first  opened,  coal  was  used  as  fael.  In  1872 
wood  obtained  from  the  Bind  forests  (babul)  was  resorted  to.  The  use 
of  wood  as  fuel  was  abandoned  on  7th  March  1875,  and  coal  was  again 
substituted.  Certain  comparisons  were  made  from  time  to  time  between 
the  actual  cost  as  fuel  of  coal  and  wood,  and  in  1874  the  Depy.  Consulting 
Engineer  in  Bind  (No.  1470  of  11th  October  1874)  to  Consulting  En- 
gineer, Lahore,  stated  that,  taking  all  matters  into  consideration,  it  would 
appear  that  the  Railway  Company  is  using  wood-fuel  at  a  rate  roughly 
represented  by  coal  at  Rs.  30  per  ton. 

Early  m  1875  the  crown-plate  of  the  fire-box  of  Engine  No.  16  was 
found  cracked  while  running.  The  mileage  performed  since  a  new  boiler 
had  been  put  in  being  24,819  with  coal  and  88,738  with  wood.  The 
crown-plate  of  No.  1  Engine,  originally  f^^i  which  had  done  about  the 
same  amount  of  work,  was  at  once  out  open,  and  it  was  found  that  its 
thickness  varied  from  |  to  -^  of  an  inch. 

Engine  No.  19  was  also  stopped  in  its  work  for  fear  of  evil  results; 
the  thickness  of  the  crown -plate  was  found  to  be  i^th  of  an  inch  after  a 
mileage  of  36,328  with  coal  and  36,745  with  wood. 

It  had  never  before  been  known  that  the  copper  of  the  fire-boxes  had 
so  quickly  worn  away,  and  from  a  critical  examination  it  was  found  that 
the  damage  appeared  chiefly  in  the  crown-plate ;  the  tube-plate  was  more 
or  less  affected,  and  the  sides  apparently  were  unharmed.  The  conclusions 
arrived  at  from  the  position  of  the  damaged  parts  were  that  the  injury 
had  been  caused  by  pyroligneous  acid,  in  the  form  of  vapour. 
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These  serioas  resnlts,  conridered  with  the  yery  high  cost  (para.  1  ante) 
of  wood  as  foel,  decided  the  Agent  to  ahandoa  its  use  and  to  retom 
to  coal.    This  was  done  on  7th  March  1875. 

The  sabject  was  referred  to  the  Chemical  Analyser  in  Borabaj,  who  was 
imable  to  say  with  certainty  to  what  cause  the  extensire  oxidation  was 

dne. 

InformaUon  was  soi^ht  from  the  experience  gained  by  other  lines 
wsing  engines  homing  wood -fuel,  and  the  replies  leceired  seemed  to  show 
that  wood  caosed  less  injury  to  boxes  and  tubes  by  the  gases  giren  off, 
than  coal.  The  information  collected,  with  samples  of  the  wood  and  saw- 
dusty  was  submitted  to  the  Chemical  Analyser,  who  found  that,  although 
babul  contained  a  high  percentage  of  acid,  yet  the  mango  wood  in  ose  on 
the  Oodh  and  Rohilkbond  contained  it  in  a  higher  degree,  and  con- 
sequently the  results  obtained  on  destructiye  distillation  appeared  to  him 
to  negatire  the  theory  that  the  corrosion  in  the  Sind  fire-boxes  had 
resulted  from  acid  raponrs  formed  during  the  eombustion  of  the  wood  aa 
fuel.     Appendix  No.  I. 

The  Board  of  Directors  in  England  submitted  the  question  to  the 
opinion  of  Dr.  Watson.  His  evidence  is,  '*  that  the  more  rapid  destruction 
of  the  copper  plates  of  the  fire-box  during  the  use  of  babul  wood  than 
during  the  use  of  coal  as  fuel  is  due  to  the  presence  of  more  chlorine  in 
the  wood  used  than  in  the  coal,  and  further  that  babul  wood  is  in  thia 
respect  yery  much  worse  than  many  woods,  and  sensibly  worse  than  any 
European  wood  *'  to  the  analysis  of  which  he  had  access — Appendix  No.  IL 


AprsHDix  No.  I. 

From — The  Chemical  Analyst  to  ChvemtnerU.  lo-^Dqmty  Comtdi" 
ing  Engineer  for  Railways  in  Sind^    No*  129. 

I  haye  the  honour  to  acknowledge  receipt  of  your  letter  No.  136  of  the 
21st  ultimo.  The  information  in  regard  to  the  Ondh  and  Rohilkbond 
Railway  engine  forwarded  with  your  endorsement  No.  1008  of  the  4th 
December  last,  appears  to  me  to  completely  negattye  the  theory  that  the 
corrosiim  noticed  in  the  8ind  Railway  engines  resulted  from  acid  yapoura 
formed  during  the  combustion  of  the  wood  used  as  fueL 

If  you  refer  to  my  letter  No.  &Sd  of  the  9th  Octobet,  you  will  see  that 
the  percentage  of  acid  yielded  on  destructiye  distillation  by  mango  wood, 
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the  fael  employed  on  the  Oadh  and  RohilkHnnd  Railway,  is  oonsiderably 
lai]ger  than  the  percentage  of  acid  yielded  by  the  babnl  wood  employed  on 
the  Sind  Kailway.    At  the  same  time  the  report  of  the  liocomotiye  Sa- 
perintendent  of  the  Oadh  and  Rohilkhand  Railway,  covered  by  year  en- 
dorsement No.  1008,  shows  that  no  corrosion  similar  to  that  found  in  the 
Bind  Railway  engines  has  been  noticed  to  occar  in  an  engine  of  the  Oadh 
and  Rohilkhand  Railway,  in  which  mango  wood  was  the  principal  fuel 
employed.    The  conditions,  moreover,  ander  which  the  wood  was  bamt 
in  the  Oadh  and  Rohilkhand  Railway  engine  are  stated  to  be  **  essentially 
the  same"  as  the  conditions  ander  which  wood  was  bamt  in  the  corroded 
engines  of  the  Sind  Railway.     In 'face  of  these  statements,  I  do  not  see 
how  it  can  be  maintained  that  acid  vapour  from  the  wood-fuel  was  the 
cause  of  the  corrosion  in  the  Sind  engines. 


Appbmdiz    No.  II. 

From — TKe  Secretary  of  State  for  India.    To^The  Oovemment  of  India. 
No.  TOR. 

IMUdSihJuig  1877. 

With  the  letter  to  the  Agent,  No.  960  (para.  11),  the  Sind,  Punjab 
and  Delhi  Railway  Board  forwarded  a  copy  of  a  report  (with  accompani- 
ments) by  Dr.  Watson,  relative  to  the  effect  of  babul  wood  on  copper  fire- 
boxes. 

Copies  of  these  papers  are  herewith  sent  for  your  Excellency's  informa- 
tion, and  in  order  that  you  may  direct  experiments  to  be  made  and  fur- 
ther investigation,  should  you  consider  it  desirable. 


From— {7.  P.  Bidder,  Esq,,  Secy,,  London  Board,  Sind,  Punjab  and 
Delhi  Railway.    To— TT.  P.  Andrew,  Esq. 

Dettd  mh  Apra  1876. 

I  have  pleasure  in  handing  you  Dr.  Watson's  report  on  the  corroded 
fire-boxes,  vouched  for  as  it  is  by  the  authority  of  Dr.  Percy,  whose 
letter  is  appended,  together  with  Mr.  Kirkaldy's  mechanical  tests,  which 
indicate  that  the  copper  was  of  the  usual  standard  of  quality. 

The  evidence,  therefore,  appears  strong  that  the  usual  amount  of 
common  salt  present  in  the  wood  was  the  cause  of  the  decay,  and  cer- 
tainly points  to  the  advisability  of  avoiding  the  use  of  babnl  wood  as 
moch  as  possible. 
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of  correspondence  between  the  officials  of  the  Company  and  others  on 
this  subject. 

The  deterioration  of  the  plates  was  by  actnal  reduction  of  thickness, 
which,  according  to  the  reports  sent  me,  occarred  in  a  manner  and  with  a 
rapidity  unknown  where  coal  is  used  for  fael. 

In  the  case  of  the  firebox  which  I  examined,  the  plates  were  originally 
f -inch  and  ^inch  thick,  and  were  worn  down  over  the  whole  internal  snr- 
face,  chiefly  on  the  crown  and  tnbe-plates. 

The  wood  which  I  receiyed  as  a  sample  of  that  employed  as  fuel  ap- 
peared admirably  adapted  for  that  purpose,  being  in  billets  about  18  inches 
long  and  8  to  4  inches  in  diameter.  It  is  hard  and  dense.  The  specific 
grayity  of  some  pieces  cut  from  billets  that  had  been  exposed  to  the  air  of 
the  laboratory  for  a  fortnight  was,  in  three  samples, — 

1  ..  ..  -789 ) 

2  ••  ••  "796  V  mean '810 
8        ..                      ••           -844) 

The  wood  is  not  resinous,  and  requires  a  good  draught  for  ready  com- 
bustion. 

I  found  the  internal  surface  of  the  plates  coyered  in  places  with  a  pul- 
yemlent  deposit,  which  I  found  to  be  merely  sand,  and  here  and  there  a 
green  incrustation ;  both  of  these  were  eyidently  deposits  accruing  after  the 
remoyal  of  the  plates  from  the  boiler.  Besides  these,  and  adhering  closely 
to  the  surface  of  the  copper  scale,  was  a  substance  resembling  ordinary 
copper.  This  was  eyidently  a  substance  produced  during  the  corrosion  of 
the  plates.  The  surface  of  the  copper  when  the  scale  was  remoyed,  was,  as 
a  rule,  not  smooth,  but  more  or  less  pitted. 

As  a  result  of  my  inyestigations,  I  haye  to  report  that  the  rapid  destruc- 
tion of  the  plates  in  question  is  due  to  the  presence  of  chloride  of  sodium, 
as  one  of  the  mineral  constituents  of  the  babul  wood  used  as  fuel. 

Chloride  of  sodium  is  present  in  a  yery  much  larger  quantity  in  babul 
wood  than  in  ordinary  coal. 

Babul  wood  yields  2  per  cent,  ash,  which  contains  75  per  cent,  of 
chlorine.  The  sample  of  babul  had  necessarily  had  a  sea  yoyage,  and  to 
a?oid  error  from  the  chloride  of  sodium  deposited  from  the  atmosphere,  the 
chlorine  was  determined  in  the  ash  of  portions  from  the  centre  of  billets 
forming  the  sample  as  well  as  from  saw-dust  from  cuts  taken  directly  across 
them. 
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Comparing  babul  wood,  in  this  respect,  with  coal,  we  find  tfatt ««! 
does  not  contain,  except  exceptionally,  more  than  traces  of  chlorine.  lo 
the  analysis  of  28  samples  of  the  ash  of  coal,  given  in  Dr.  Percy's  Met- 
allurgy, none  occurs  in  which  the  ash  was  found  to  contain  more  than  Inca 
of  chlorine. 

The  following  gives  the  amount  of  chloride  of  Bodinm  and  of  chlorine  in 
various  samples  of  the  ash  of  wood,  analyses  of  which  are  quoted  by  Dr. 
Percy  in  his  Metallurgy.  We  see  by  comparison  that,  in  tliis  respect, 
babul  wood  is  the  least  suitable  for  use  as  fuel  in  a  copper  fire-box. 

Oblorida  of 


•  • 


•  •  •  • 

•  •  •  •  .  • 


fiodiam. 

Ohlorine. 

trace 

•0 

'87 

•58 

trace 

•• 

•21 

•13 

-92 

•56 

•  • 

01 

•088 

•05 

•058 

•oa5 

1-260 

•764 

1-213 

•736 

Beech  (1), 

n      (2)»  ••  •• 

Fine    ••  ••  •• 

Fagut  syhatiea,  . . 

Zaris  JBuropica^ 

Quereus  rolnr, 

Vine(l),  ..  ••  ..  •• 

Compare  these  with  babul — 

Saw-dust,  ••  ••  •.  •• 

From  interior  of  billets,  .  • 

In  the  rapid  combustion  of  the  locomotive  fire-box,  the  alkaline  chloride 
of  the  fuel  is  carried  forward  with  the  products  of  combustion.  At  the 
high  temperature  of  the  flame,  and  in  the  pressure  of  aqueous  vspoar,  the 
chlorine  of  the  chloride  of  sodium  comes  in  contact  with  the  plates  of  toe 
fire  box  as  hydrochloric  acid. 

From  experiments  I  have  made  for  the  purpose  of  this  investigstion, 
I  found  that  a  rapid  corrosion  and  formation  of  scale  occnrs  wfaen  air, 
containing  traces  of  hydrochloric  acid,  comes  in  contact  with  metallic  cop- 
per at  temperatures  much  lower  than  the  lowest  at  which  scale  is  formedt 
with  any  degree  of  rapidity,  in  air  free  from  hydrochloric  acid. 

The  scale  thus  produced  differs  from  the  scale  resulting  from  the  ordi- 
nary oxidation  of  copper  in  air,  by  containing  chlorine.  This  cblonne  tf 
not  entirely  removed  by  subsequent  heating  to  much  higher  temperatures. 

I  therefore  expected  to  find  a  proportion  of  chlorine  in  the  BctJe  ««- 

hering  to  the  internal  surface  of  the  corroded  fire-box. 

The  scale  was  analysed,  and  found  to  contain  on  two  examples— 
No.  1,  ..  ..  ••    8*439  per  cent  of  chlorine. 

No.  2,  ..  ..  ..     2*936         „  „ 
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The  spark-catcher  was  almost  free  from  scale,  which  had  apparentlj 
been  formed  and  mostly  detached.  Enoagh,  howeyer,  remained  to  en- 
able me  to  detect  chlorine  as  one  of  its  constitoents.  The  samples  for 
analysis  were  taken  from  scale  closejj  adhering  to  the  metallic  surface, 
all  loose  deposit  or  incrastation  ha?ing  previously  been  remored.  Any 
danger  of  bemg  misled  by  a  deposit  or  incrustation  arising  subsequent 
to  the  removal  of  the  plates  from  the  boiler  was  thereby  obviated. 

Though  the  amount  of  chlorine  in  the  wood  is  apparently  so  insigni- 
ficant, it  is  an  amount  adequate  to  the  part  it  is  supposed  to  play.  If 
we  assume  that  10  cwt.  of  copper  are  removed  from  the  plates  of  a  fire- 
box before  they  are  rendered  useless,  and  that  all  has  been  converted 
into  an  oxidized  scale  containing  3  per  cent,  chlorine,  we  find  that  the 
total  amount  of  chlorine  the  whole  of  the  scale  will  contain  is  about 
equal  to  that  contained  by  only  118  tons  of  babul  wood.  I  do  not  mean 
to  say  that  the  burning  of  113  tons  of  wood  would  destroy  the  fire-box. 
Of  course,  only  a  portion  of  the  chlorine  of  the  fuel  comes  into  contact 
with  the  plates  of  the  fire-box  at  all,  and  only  a  portion  of  that  which 
does  so  remains  in  combination  in  the  scale. 

The  quantity  of  wood  burned  in  the  fire-boxes  that  were  destroyed 
must  have  been  many  times  113  tons.  I  may  safely  assert,  therefore, 
that,  so  far  as  the  amount  of  chlorine  is  concerned,  the  cause  alleged  is 
adequate  to  the  effects  observed. 

The  rapidity  with  which  copper  will  scale  under  the  circumstances 
depends  in  great  measure  on  the  temperature  at  which  it  is  exposed  to 
the  gases.  Hence  those  parts  of  the  fire-box  which  are  hottest  when 
in  use  are  most  corroded.  Thus  the  centres  of  the  portions  of  the  plates 
between  the  bolts  are  more  corroded  than  those  portions  surrounding  the 
bolts,  and  the  crown  and  tube-plates  are  more  corroded  than  the  side 
and  back  plates.  There  is  a  case  mentioned  in  one  of  the  letters  submitted 
to  me,  No.  1072  of  1875,  from  T.  G.  Newnham,  in  which  an  accelerated 
destruction  was  noticed  as  the  engine  continued  in  use.  This  may  be 
explained  by  assuming  that  the  water  side  of  the  plates  became  covered 
with  a  gradually  increasing  thickness  of  deposit,  and  that  from  that 
cause  the  temperature  of  the  plates  as  the  boiler  worked,  became  as  time 
went  on  gradually  higher. 

The  very  rapid  destruction  of  a  spark- catcher,  referred  to  in  letter 
No.  2848  of  1875,  from  T.  O.  Newnham  is  due,  doubtless^  to  it  having, 
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from  its  position^  been  constantly  at  a  tempemtiue  «boTe  that  of  t&e 
plates  of  the  fire-box  that  were  less  rapidly  corroded. 

I  am  satisfied,  from  the  abore  considerationa,  that  the  more  n|iid 
destniction  of  the  copper  plates  of  a  fire-box  darin^^  the  use  of  babul 
wood  than  daring  the  use  of  coal  as  fhel  is  dne  to  the  presenoe  of  more 
chlorine  in  the  wood  osed  than  in  the  coal ;  and  farther,  that  babnl  wood 
as  represented  by  the  sample  profided  me,  which  seemed  a  yery  sofficaeot 
one,  being  three  tons  in  all,  is  in  this  respect  yery  mach  worse  than  mtny 
woods,  and  sensibly  worse  than  any  Earopean  wood  to  the  analysis  of 
which  I  hare  access. 

I  find  no  other  circamstance  in  the  composition  of  bahol  wood,  or  in 
the  change  of  conditions  arimng  from  the  snbstitation  of  wood  liiel  for 
coal,  to  account  in  any  degree  for  the  observed  increased  rate  of  de- 
straction  of  copper  fire-boxes  when  babul  wood  is  sabstitated  for  coal  as 
fael. 


Extracts, 

From — T.  O.  Neumkam^  Esq.f  Acting  Deputy  Agent.     To— TAe  D^^y 
Consulting  Eningeer  for  Railways  in  Sind^  Kurrachee,  from  UUer 
referred  to  above.    No.  1720  of  1875. 
5th  April  1875.    "  I  hare  the  honour  to  inform  yon  that  the  copper 
crown-plate  of  the  fire-box  of  No.  19  Engine  is  as  much  worn  as  those 
of  Nos.  1  and  16,  viz.,  to  about  -^th  inch  in  thickness.     Wood  has  now 
been  in  use  for  three  years  and  upwards,  and  the  thickness  of  the  crown- 
plate  of  No.  19  was  f-inch  in  September  last.     It  thus  appears  that 
the  pyroligneons  acid  acts  hU  sUghUy  upon  the  copper  for  a  Ume,  but  at 
last  most  rapidly,  causing  U  to  come  away  in  scales  J* 


From — T.  O,  Newnham,  Esq,,  Acting  Deputy  Agent.    l^o^Tke  Deputy 

Consulting  Engineer  for  Railways  in  Sind,  Kurrachee.     No.  2848 

0/1875. 

Sept.  20th  1875.    ''  A  spark-catcher  made  of  copper  plate,  5'  6'  X 

1'  X  5'  X  ^inch  thick,  perforated  with  ^-inch  holes,  was  reduced  to 

one-third  of  this  thickness  after  the  engine  had  run  14  trips.** 

A«  LsM. 
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